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PART II— continued 

CHAPTER XVI 
SUMNER LINES 

Sumner lines are so called after Captain Sumner of the 
United States Navy, who revived and first brought promi- 
nently to the notice of the public this method of finding 
a ship's position at sea— a service for which seamen ought 
to feel much indebted to him, for the method is both 
simple and sound. It is based on two facts : 1st, that the 
Altitude of a Heavenly Body being observed at any ordinary 
elevation, that body wull have the same Altitude all along 
the circumference of a circle of considerable size on the 
Globe, upon some portion of which the observer must be 
situated. 2nd, that the line of position of the ship is at 
right angles to the Azimuth of the Heavenly Body 
observed. 

If a Heavenly Body, say the Sun, is at the Zenith, its 
Altitude of course is 90^, and accurately speaking it has 
that Altitude only at the position of the observer, and con- 
sequently it has no circle of equal Altitude. If the Sun 
were on the Horizon, and its Altitude zero, it would have 
that Altitude, if the expression may be used, all along the 
circumference of a circle encircling the Globe. These 
cases represent the two extremes. In the first instance, 
there is no circle of equal Altitudes, and in the second, the 

VOL. II. B 
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2 SUMNER LINES 

circle of equal Altitudes is as large as the circumference of 
the Globe. Between these two extremes lie all Altitudes 
observed for practical purposes of navigation, and every 
observed body has therefore a circle of equal Altitude. The 
size of the circle of equal Altitudes depends upon the 
elevation of the body. 

Accurately speaking, the Bearing of a Heavenly Body, 
say the Sun, differs at every point of a circle of equal 
Altitudes ; but if the Altitude of the Sun is not very near 
90°, the size of the circle is so great that the Sun's Bearing 
does not alter appreciably over a segment of the circle of 
say 40 or 50 miles, and this segment of the circle may, 
for practical purposes, be considered a straight line. The 
Azimuth of the Sun is therefore at right angles to that 
straight line, and the straight line, which is of course the 
* line of position ' of the ship, is at right angles to the 
Azimuth. 

Having taken the Altitude of a Heavenly Body, you 
must be somewhere on the circle of equal Altitude belong- 
ing to it. If you take the Altitude of another Heavenly 
Body you must be also on the circle of equal Altitude 
appertaining to it, and the only possible position in which 
you can be situated is on one or other of the two points 
where the circles intersect each other. As the points of 
intersection are some hundreds or thousands of miles 
apart, there cannot be any difficulty in determining at 
which point of intersection you are situated. There you 
are, and all you have to do is to ascertain where on the 
surface of the Globe that point of intersection lies. 

To find this out you have your Latitude by Dead 
Reckoning, the Altitude of a body or bodies wherewith to 
find an Hour Angle or Hour Angles, and the Greenwich 
date by Chronometer. This is the theory of Sumner 
lines. 
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SUMNER LINES 3 

The following slightly different way of putting it may 
serve to show the connection between the theoretical 
principles involved, and the practical method of working 
which is explained later. 

(i) The Greenwich date is ascertained from the Chro- 
nometer. Knowing the Greenwich time, the Nautical 
Almanac gives you the means of saying, ' at this moment 
(i.e. the moment at which the Altitude was taken), the 
Sun is exactly overhead at a place in Latitude and Longi- 
tude so and so.' 

(ii) Your sextant observation shows that the Sun's 
Altitude at that moment was (say) 30** : the Zenith Dis- 
tance therefore was 60**, and you must be exactly 60° 
away from the point found in (i). 

(iii) You might then with a pair of dividers opened to 
60 draw a circle on a globe with the point in (i) as centre ; 
your ship would be on that circle. But this graphic method 
would be very clumsy, and would necessitate doing a lot of 
unnecessary work, because all you want is the small arc of 
the circle near what you know to be your position by Dead 
Beckoning. To utilise this knowledge assume a Latitude 
20' on one side of your Latitude by account. Then with 
your observed Altitude work the Longitude. Mark the 
point on your chart and call it a. Then a is a point on 
the Sumner Une because the fact used to find it is that 
the Sun's Altitude at the given Greenwich time wa» 30°. 
Next assume a Latitude 20' on the other side of your 
Dead Beckoning Latitude, work up the corresponding 
Longitude, and mark the point as b on your chart. This 
is another point on the same Sumner line, and your ship 
is somewhere on the line joining ab. 

Hitherto I have spoken of two circles of equal Altitudes, 
arising from the observation of the Altitudes of two 
Heavenly Bodies. If one only is observed, a sufficient 
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4 SUMNER LINES 

interval must be suffered to elapse between the observa- 
tions to allow of a change of bearing suflSciently large 
to ensure that the two lines of position cut each other at 
a considerable angle — the nearer 90° the better : the object 
of a large angle is that the intersection of the lines 
shall be clean and distinct. The course made good and 
the distance run by the ship between the sights must be 
noted down, and the first Altitude must be brought up to 
the second, or the second Altitude must be brought back 
to the first. What you do, in allowing for the run of the 
ship, is to move the whole first circle of equal Altitudes for- 
ward, or to move the whole second circle of equal Altitudes 
backward, so that the circles, though circles of one body 
taken after an interval, are in the same positions as if they 
were circles of two bodies taken simultaneously. 

The ordhiary Sumner Problem, — In the ordinary 
Sumner problem, the lines of position are plotted out 
on the chart. You have either an a.m. and a p.m. 
sight, or two a.m. or two p.m. sights, with a sufi&cient 
interval between them, and you have your Latitude by 
Account. Use two Latitudes, one say 20' less, and the 
other 20' greater than your Dead Beckoning Latitude. 

Let us assume that you have taken an a.m. and a p.m. 
sight. Then with your a.m. Altitude, and the lesser Lati- 
tude, find the Hour Angle and your Longitude ; call the posi- 
tion thus found a. With the a.m. sight and the greater 
Latitude find another position, which call B. With the 
P.M. sight and the lesser Latitude find a third position, 
which call c, and with the p.m. sight and the greatei* 
Latitude find a fourth position, which call d. 

Draw the parallels of the lesser and the greater 
Latitudes on the chart. On the parallel of the lesser 
Latitude mark the Longitudes due to it, namely, a and c, 
and on the parallel of the greater Latitude mark the 
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SUMNER LINES 6 

Longitudes due to it, namely, b and D. Draw a straight 
line through a and b, and another straight line through 
c and D. Put the distance run between sights on 
your dividers. Lay your parallel rulers on the course made 
good on the nearest compass on the chart, and work the 
rulers up to the line joining a and b ; from any point 
on this line set off the run of the ship, and draw a line 
parallel to A b through the extremity of this line. The 

Fig. 65 




point of intersection between this last line and the line 
drawn through c and d is the position of the ship. All 
that remains to be done is to find the Latitude and Longi- 
tude of that position by measuring with your dividers 
from the position of the ship to the nearest parallel of 
Latitude and nearest Meridian. 

It may be that you will be required in the Examination 
Room to give the Sun's Azimuth and the line of position 
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6 SUMNER LINES 

at the A.M. or p.m. sight. All you have to do is to ascertain 
the direction of the line a B or c d, by bringing it 
up to the nearest compass with your parallel rulers. The 
line of bearing of the Sun is at right angles to the 
line. The angle of the line of position, taken from 
90° will, with suitable change of name, give you the angle 
of the Sun's Bearing ; or you can find it mechanically by 
putting the end of the parallel ruler on to the line of 

Fio. 65 




position ; the edge of the ruler will then be at right 
angles to it ; work the ruler to the nearest compass card, 
and you will see the trend of the True Azimuth. 

The principle of this graphic method is simple and 
evident. The lines joining a and b and c and D, though 
straight lines on the chart, are really segments of two 
circles of equal Altitudes, and the point of intersection of 
the straight lines is the point of intersection of the circles 
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SUMNElt LINES 7 

of equal Altitudes, and this is, as explained before, the 
position of the ship. 

In the Board of Trade Examination the problem is 
presented thus, the probability being that you will be 
given an a.m. and a p.m. sight. 

' Being at sea and uncertain of my position, the follow- 
ing observations were taken. a.m. at ship, Time by Chrono- 
meter ^' "» ». Observed Altitude Sun's L. L. ° ' " 
again p.m. at ship, Time by Chronometer »>">». Ob- 
served Altitude Sun's L. L. ° ' ". Course and Distance 
made good in the interval miles (true). Find the 

position of the ship at the last observation, using Latitudes 
° ' " and ° ' ". Also the True Bearing of the Sun at 
the first observation, and the direction of the line of posi- 
tion at the second. 

On the next page is the problem in skeleton form. The 
Declinations and Equation of Time are assumed to be 
corrected for the Greenwich date. 

This process is sure, but somewhat slow, as you have 
four Hour Angles to calculate. Equally good results can 
be obtained with the help of Johnson's Tables, by 
using one Latitude and two Hour Angles, obtamed by 
simultaneous observation of two Heavenly Bodies — which 
is the easiest plan— or by two observations of the same 
body, allowing a sufficient interval to elapse between the 
sights to secure a sufficiently broad angle. Of course in 
this latter case the first position must be moved bodily in 
the direction and to the extent of the run of the ship, or 
the second position must be moved back. 

If the Latitude you used is correct, it is plain that both 
Longitudes will be the same. If the two Longitudes are 
not the same, the difference between them indicates a 
certain error in Latitude, and this error in Latitude involves 
the application of a certain correction to each Longitude. 
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SUMNER LINES 9 

Johnson's Tables will give you first the error of Latitude 
indicated by the difference between the Longitudes, and 
then the correction to be applied to each Longitude due to 
the error of Latitude. 

Sumner Problem, using Johnson's Tahles. — Proceed as 
follows : You have your D. E. Latitude, and say, for the 
sake of example, an a.m. and a p.m. sight of the Sun, as 
in the preceding case, and the run of the ship between 
sights. 

Find the Longitude by your a.m. sight and D. E. Lati- 
tude. Find your Longitude by the p.m. sight and the D. E. 
Latitude corrected for the Diff. Lat. due to the run of the 
ship. Correct the first Longitude found for Diff. Long, due 
to the run of the ship. If the two Longitudes are the 
same, the Latitude used is correct, and you have the 
precise position of the ship. If the Longitudes are not 
identical they must be made so. 

Find the Sun's Azimuth at each observation from Burd- 
wood's or Davis' Tables. Find the difference between 
the two Longitudes. Enter Johnson's Tables with the 
Latitude used at the second sight (that is the D. E. 
Latitude corrected for the run of the ship), at the top 
and the Azimuth at each observation at the side ; take 
out the corresponding numbers. These numbers are the 
Diff. Long, due to an error of 1' in Latitude. Add the 
numbers together if the Altitudes are in adjacent quad- 
rants, but take their difference if they are in the same or 
opposite quadrants. This sum or difference represents the 
combined error in Diff. Long, due to V error in Latitude, 
and now we have a simple sum in proportion. 

As the combined error in Diff. Long, for 1' of Latitude 
is to 1' of Latitude, so is the*difference between the two 
Longitudes to the correction for Latitude. As it is un- 
necessary to multiply by one, all you have to do is to 
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10 SUMNER LINES 

divide the difference between your two Longitudes by the 
sum or difference of the two numbers found, as explained 
above ; the result is the error in Latitude. Then 
multiply the error of Latitude by the number taken out 
for Longitude A; the result is the correction to be 
applied to Longitude A. Multiply the error of Latitude 
by the number taken out for Longitude B, and you 
have the correction to be applied to Longitude B. You 
have all the corrections, now to learn how to apply 
them. 

On any bit of paper draw a horizontcJ line to represent 
the parallel of the erroneous Dead Reckoning Latitude you 
have used. Make two dots upon it to represent your two 
Longitudes in their proper positions East and West of 
each other. Through these dots draw lines roughly 
indicating the Sun*s Bearing, and at right angles to these 
draw the lines of position. The point of intersection of 
the lines of position is the true position of the ship, and 
a glance will show you whether the Latitude you used was 
too much to the North, or too much to the South, and 
also whether the correction for each Longitude is to be 
applied to the East or to the West. The Dead Reckoning 
Latitude, corrected for the error, will give you your correct 
Latitude, and the result of correcting each Longitude 
will be to make them coincide and give you your correct 
Longitude. 

Let X Y represent your erroneous parallel of Latitude. 
Let A and b be the two Longitudes obtained by using the 
erroneous Latitude. Assuming both to be in West Longi- 
tude, A will be West of b. Let A be the position by the 
A.M. sight, and let the line a c be the Sun's Bearing ; then 
E A F is the first line of position. Let b be the Longitude 
obtained by your second sight, and B D be the Sun's 
Bearing at that time. Then the line E B G, passing through 
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SUMNER LINES 11 

B at right angles to the Sun's Bearing, will be the second 
line of position. They intersect at E, and E is therefore 
the position of the ship. Obviously e is to the North of 
the erroneous Latitude, and Latitude must be corrected 
towards the North. Obviously also e is to the East of a 
and to the West of B, and the correction for Longitude 
must be deducted from a and added to B. 

Fio. 66 




The test of accuracy in these Sumner lines is that the 
two Longitudes are brought together by the corrections 
due to the ascertained error in Latitude. If they are made 
to coincide, the problem is worked all right, and you 
have got your correct position if— but a big * if * may be 
involved in the supposition — there is no appreciable error 
either in your Greenwich date or in your observations, 
or in the run of the ship. And herein lies the weak 
point of Sumner lines and their danger. If your Green- 
wich date is erroneous, of course your Longitudes are 
wrong. If by observational error your Hour Angles are 
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erroneous, your position will be wrong; and if your 
Dead Beckoning between sights is erroneous, it will 
cause corresponding error. Yet in all these cases it may 
be possible, and in fact generally is possible, to bring your 
Longitudes together and make them coincide, by allowing 
for an error in Latitude which does not really exist. You 
may thus get a position which you believe to be correct 
because your Longitudes are made to coincide, but which 
is entirely false because the coincidence is made by using 
a non-existent error in Latitude. In the event of your 
being a little doubtful about your Chronometer, or about 
your sights, or about your Dead Beckoning, do not force 
yourself into complete reliavce upon a position found by 
Sumner lines merely because you managed to bring your 
Longitudes together. 

But, all the same, Sumner lines are very useful. 
Assuming that your Greenwich date and run of the ship 
are correct, and that your observations are taken under 
favourable circumstances, your position can be determined 
with almost absolute accuracy ; and if you can only get 
a sight at a somewhat unusual time you can at any rate 
discover your position approximately, and find out in 
what direction you are approaching the land. For 
instance, suppose you are entering the Channel from 
the Westward, it may be thick in the morning, but about 
10 A.M. you get a shot at the Sun and an Altitude ; with 
that and your D.B. Latitude a line of position can be 
laid down on the chart, which will show you what land 
you are approaching if you steer along the line of position, 
and you can set your course accordingly. If this process 
is repeated, as it frequently may be, at short intervals, and 
the run of the ship is accurately noted, it is very easy, in 
spite of such usually unknown quantities as tides and 
currents, to see where you are going to. Or it may happen 
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to you to be hove to for a long speU, say fifty miles to the 
Westward of the Longships, bound up the English 
Channel ; a glimpse of the Sun or of a Star will give you 
a Ime of position which will at any rate show whether 
you have made sufficient allowance for drift and tide, and 
may prevent you from finding yourself in the Bristol 
Channel instead of the English Channel when you make 
sail. 

Sumner lines may be usefully employed when in 
sight of known land, in which case the position may be 
ascertained by the intersection of the line of bearing of 
the land and a Sumner line projected on the chart. In 
fact you get cross-bearing of the land and of the Heavenly 
Body. 

Of all circumstances under which a ship's position can 
be defined by Sumner's method, the best is by simultaneous 
Altitudes of two Stars situated at an angle of as nearly 
90° as possible. If the atmospheric conditions are good, 
that is generally speaking at evening and morning 
twilight, and your Chronometer is reliable, you ought to 
be able to fix your position to within the length of your 
ship— if it is a long one. 

Such a problem will probably be given in the Board 
of Trade Examination for Extra Master. You can plot it 
on the chart, or use Johnson's Tables, as you please. 
There is no difficulty in the working, except, perhaps, in 
finding the star's Azimuth. If the Latitude and Declina- 
tion permit, it is best to use Burdwood's or Davis' Tables, 
remembering, as has already been explained, that the 
star's Westerly Hour Angle corresponds to p.m. time. If 
Burdwood's or Davis' Tables are inapplicable on account 
of the high Declination of the star, Towson's or Johnson's 
must be used, or you must calculate the Azimuths in the 
way hereafter explained. 
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The following diagram explains the construction of 
Johnson's Tables : 




Let A B be a Parallel of Latitude and n s a Meridian. 
Let o M be equal to ] ' of Latitude. Draw x m w parallel to 
A B and L T and Q R parallel to x s. Let o c and o d be 
the Sun's True Bearings at different times. Then E f and 
H K will be the respective lines of position. 

If the observer is on the line of position e f, and the 
Latitude is 1' too much to the Southward, he must be at 
L, and the error of departure is o T or m l. Also if he is on 
the line of position H k under similar circumstances, his 
correct position will be at P, and his error of departure is 
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MP or OR. Mr. Johnson, to save trouble, turns the 
departure into Diflf. Longs, due to the respective Latitudes, 
and so constructs his table. 

Here is an example of a Sumner problem to be plotted 
on a chart as required in the Board of Trade Examination 
for First Mate. 

1898, April 19th, a.m. at ship, being uncertain of my 
position when M. T. G. by Chronometer was on the 
19th 8 h. 48 m. 27 s., the Obs. Alt. was 34^ 57' 0", 
LE.— 1' 20", Height of Eye 26 feet; and again p.m. at 
ship when M. T. G. by Chronometer was on the 19th 
13 h. 23 m. 49 s., th^ Obs. Alt was 47° 13' 40", I. E. and 
Dip as at a.m. sight ; the run of the ship in the interval 
was N 70° W (true) 35 miles. Eequired the position of 
the ship at the time of the 2nd observation, and the 
True Bearing of the Sun at the time of the Ist obser- 
vation by Sumner's method, using Lats. 50° 20' and 
50^ 40' N. 

You have first to find the correct P. D. and E. T. for 
your A.M. and p.m. Sights. 

Dec. E. of T. M. T. G. 19th 8»» 48» 27- 

61-7' -SS- 

8-8 8-8 O Dec. E. T. 

11° 16' 44-3" N 0"57-8' 



4136 440 

4136 440 



7' 35" 4-8 

11° 24' 19" N -i "2-6 



60)4.54-96 4-840 ^o q, q. 
r 34-96'' p D.^° 35' 41 



Dec. E. of T. M. T. G. 19th IS^ 23- 49- 

61-7" -55' 

13-4 13-4 0Dec. E. T. 

11° 16' 44-3" N 0'-57-8- 



2068 670 

1551 670 



11' 32-8" 7-4 



517 ;j:^Q 11° 28' 171" N -1 5-2 



60 ) 692-78 
11^32-78" 



90«* 0' 0" 
P. D. 78° 31' 43" 
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The positions a and b, g and D are laid off on 
the chart, and a line ruled between A and B and another 
between c and d ; these are lines of position. The line 
A B must next be advanced to E F for the mn of the ship 
in the interval between the observations. The point of 
intersection of e f and c d at o is the true position of the 
ship at the time of the 2nd observation, and by measure- 
ment on the chart it is in 50^ 37' 30" N and 179^ 20' E. 



Fio. 68 



^fH 




Jim 



I79yi 



The True Bearing of the Sun at the time of the 1st 
observation is on a line at right angles to the line of posi- 
tion A B, in this case it is the line H s, which is found by 
the protractor to make an angle of 62^** with the 
Meridian. The True Bearing is therefore S 62^° E. It 
is obvious that the Sun's Bearing could not lie on the 
other side of the line of position, as the time is a.m. A 
moment's consideration will always prevent any mistake 
in this regard. 

VOL. II. 
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To sum up the result of our work : 

(1) The True Bearing of the Sun at the time of the 
1st observation is S 67^'' E. 

(2) The true position of the ship is Lat. 50° 37' 30" N, 
Long. 179° 20' 0" E. 



Here, are the same observations worked on one parallel 
instead of on two. This is commonly called the Double 
Chronometer problem. It can be drawn on a chart or 
calculated by the help of Johnson's Tables. 



Ist Observation 

Tr.Alt. 360 6' 22" 

Lat. . 60O 20' 0" Sec . 194961 

P. D. . 78° 85^ 4 1" Coseo 008662 

Sum 1 64^ 1' 3" 

LBum 82° 0' 31" Cos . 9143091 

smdr. 46° 65' 9" Sin . 9 863556 

Log. A. T.S. = 9-210270 ' 

A.T. S. 

E. T. 

M. T. S. 18th 20 48 

M. T. G. 19th 8 48 

Long, in T. 



2nd Observation 



18th 20»' 49- 67' 
• 1 2 -6 

54-4 
27 



Long, in 



W 
179° 16^21" E 



Tr. Alt. 47° 22' 30" 
Lat. . 50° 32' 0" 
P. D. . 78° 31' 43" 

Sum 176° 26' 18" 

J Sum 88° 13' 6" 
Remdr. 40° 50' 36" 



Sec . 196796 
Cosec -008763 

Cos . 8-492634 
Sin .9-815673 



11 59 32-6 E ' 
Longitude 179° 63' 9" E 

Now by the 1st Observation the 
position of the ship is in Lat. 
50° 20' N and Long. 179° 53' 9" W. ' 
The ship then runs N 70° W 35'. 
So we proceed : 

Lat. left 60°20'N | 

Run Diff. Lat. 12' N 

Lat. in 60° 32' N 

Then with Lat. 60° 32' the 2nd I 
Observation is to be worked. 

Long, left 179° 53' 9" W 
Run Diff. Long. 51' 30" W 

180° 44' 



Log. A. T.S. = 8-513766 

A. T. S. 19th 1" 23- 16' 
E. T. . .-15 

M.T. S. 19th 1 22 
M. T. G. 19th 13 23 

12 1 
24 

11 68 



Long, in T. 



11 
49 

38 W 


22 E 
Longitude 179° 35' 30" E 



So that the position at the 
time of the 2nd Observation is Lat. 
60° 32' N and Long. 179° 36' 30" E. 

But the position at the same 
moment by the 1st Observation 
corrected for run is Lat. 60° 32' N 
and Long. 179° 15' 21" E. 
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As the Longitudes do not coincide it is obvious that 
the Latitude used is erroneous ; therefore the Azimuths 
must be taken out of Burdwood, and the true position 
of the ship found by the use of Johnson's Tables, as in 
the previous example, or by graphic method on the chart. 

Johnson's 
Tr. Azimuth Longitudes Table Lat. used 

1st Observation S 62° B ITO** 15' 31" E -83 Lat. 50<» 82' 0" N 
2nd „ S 81° W 179^35^30;^' E 2;62 

20' 9" -i- 8-46 = Corr. 5;_61" N 

Lat. m 60° 37' 51'' N 



1st Observation 
Long. . 179° 15' 21" E 
5-86' X -88 . _i'j51^' E 

True Long. 179° 20' 12" E 



2nd Observation 
179° 85' 80" E 
5-85 X 2-62 1*' 18^' W 

179° 20' 12" E 



Fig. 69 




c 2 
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CHAPTEK XVII 
SPHERICAL TRIGONOMETRY 

{It is not necessary to study this Chapter in order to 
learn how to work the remaining problems; but some 
knowledge of Spherical Trigonometry is required of a 
candidate for an Extra Master's Certificate^ and is 
desirable in any case.) 

As Plane Trigonometry deals with the solution of 
triangles drawn on a plane surface, so Spherical Trigo- 
nometry deals 
with the solution 
of triangles drawn 
on a sphere whose 
sides are arcs of 
great circles. 

I will first of 
all endeavour to 
explain what a 
spherical triangle 
is, and how its 
angles and sides 
are measured. I 
K will then proceed 
to show how 
Napier's Circular 
Parts are used 
in the solution 
of right-angled spherical triangles, and then I will write 
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down the formulas for the solution of the ordinary spheri- 
cal triangles used in Navigation and Nautical Astronomy, 
and show their practical working. 

Let A B c be a spherical triangle drawn on the surface 
of a sphere whose centre is o. The side or arc ab is 
measured by and is equal to the angle at the centre A o B ; 
the side A c equals the angle a o c ; and the sideB c equals 
the angle B o c. The angle a is the angle between the 
tangents a d and A E drawn to the arcs a b and a c at the 
point A, namely, the angle D a E ; similarly, the angle B is 
K B H, and the angle c is o c f. 

Right-Angled Spherical Trigonometry 

A right-angled spherical triangle has one of its angles 
a right angle. The most simple method of solving such 
a triangle is by the use of Napier's five Circular Parts, 
which I will proceed to describe. (The Solution of Kight- 
angled Triangles by Napier's Circular Parts is required in 
the Board of Trade Examination for Extra Master ) 

Let A B c be a right-angled spherical triangle, the 
angle c being the right angle. In this and in any other 
right-angled spherical tri- j^^ ^^ 

angle, the five Circular Parts 
consist of the two sides 
including the right angle, 
the complements of the two 
angles other than the right 
angle, and the complement 
of the side opposite to the 
right angle. Therefore, in 
this triangle the five Circular 
Parts are a ; b; 90^ - a ; 
90^-c; 90°-B. 

To solve any right-angled spherical triangle you have 
only to remember two formulas, namely : 
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1. Sine Middle Part = Product of the Cosines of the 
Opposite paorts. 

2. Sine Middle Part = Product of the Tangents of the 
Adjacent parts. 

To assist the memory, I would point out that in the 

„ „, first formula, Cosine and op- 

Fio. 71 . ^ 

posite have the letter * o ' in 

each ; and in the second Tan- 
gent and adjacent have the 
letter * a ' in each. 

Until you become familiar 
with the use of Napier's 
Circular Parts, it is advisable, 
when desirous of solving a 
right-angled spherical tri- 
angle, say for instance the 
triangle in fig. 71, to draw a 
diagram similar to fig. 72. Remember that the right 
angle never forms one of the Circular Parts. Place 
the Circular Parts in their proper order in the five 
segments into which the circle is divided. In diagram 
No. 71 the right angle is c, the two sides a and h are 
to be entered in fig. 72 in the adjoining compartments, 
and the remaining Circular Parts, the complements of the 
other parts of the triangle in diagram No. 71, are to be 
entered in the same order in which they stand in that 
triangle. 

What are meant by middle parts, adjacent parts, and 
opposite parts ? Any one of the five parts may be called 
the middle part, 

(a) Suppose a to be the middle part, then b and 
90''— B are its adjacent parts, and 90°— a and 90° — c are 
its opposite parts. Therefore by the formula already 
given, namely — 
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(1) Sine Middle Part = Product of the Cosines of 
the opposite parts and (2) Sine Middle Part = Product 
of the Tangents of the adjacent parts — 



Fio. 72 




or 



or 



Sin a = Cos (90° -a) x Cos (90° -c) 
Sin a = Sin A x Sin c 

Sin a = Tan 6 x Tan (90° -b) 
Sin a = Tan h x Cot B 



(b) Suppose b to be the middle part, then 90° -c and 
90°— B are the opposite parts, and 90°— a and a are the 
adjacent parts, and by the same formula, which need not 
be repeated — 

(1) Sin 6 = Cos (90° -c) x Cos (90° -b) 

or Sin 6 = Sin c x Sin B 



(2) 



or 



Sin 6 = Tan (90°— A) x Tan a 
Sin b = Cot A X Tan a 
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(c) Suppose 90** —A to be the middle part, then 90^ —B 
and a are the opposite parts and 90^— c and h are the 
adjacent parts, and you have 

(1) Sin (90*' -A) = Cos (90*'-b) x Cos a 
or Cos A = Sin b x Cos a 

(2) Sin (90** -A) = Tan (90° -c) x Tan 6 
or Cos A = Cot c X Tan 6 

{d) Suppose 90**— c to be the middle part, then a and 6 
are the opposite parts, and 90**— A and 90**— B are the 
adjacent parts, and you have 

(1) Sin (90° -c) = Cos a X Cos 6 
or Cos c = Cos a x Cos h 

(2) Sin (90° -c) = Tan (90° -A) x Tan (90° -b) 
or Cos c == Cot A X Cot b 

{e) Suppose 90°— b to be the middle part, then h and 
90°— A are the opposite parts, and a and 90° — c are the 
adjacent parts, and you have 

(1) Sin (90°-B) = Cos 6 X Cos (90°-a) 
or Cos B = Cos b x Sin A 

(2) Sin (90°-B) = Tan a X Tan (90°-c) 
or Cos B = Tan a x Cot c 

With the above formulas any right-angled spherical 
triangle can be solved, provided that two of its circular 
parts are known. 

If B had been the right angle, a and c would have to 
be placed next to one another, and then the complements 
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of the other parts, namely, a, b, and c, in their proper 
positions with regard to one another and to a and c. 

So also, if A had heen the right angle, b and c must be 
placed next to one another and the complements of B, a, 
and c, in their proper respective positions. 

And now for the practical working. 



Fio. 74 



Fig. 73 





In the triangle in figure 73 let c be the right angle, 
and c and a two known parts. 

To find B 

Look at diagram No. 74 given above. The known 
circular parts are 90**— c and a. With respect to these two, 
90"^— B is the middle part, to which 90''— c and a are 
adjacent parts. Therefore by (2), 

Sin (90**-B) = Tan a x Tan (90°-c) 

Cos B = Tan a x Cot c 

or Log. Cos B = Log. Tan a + Log. Cot c 

and so you find b. 
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To find h 

You know only one of the adjacent parts to 6, namely 
a; but you know the two opposite parts, namely, 90®— b 
and 90° -c. Therefore by (1), 

Sin h = Cos (90*'-c) x Cos (90° -b) 
Sin h = Sin c x Sin B 
or Log. Sin b = Log. Sin c + Log. Sin b 

and so h is found. 

To find the remaming part a 

You know the adjacent pares 90'' — c and b ; and you 
also know the opposite parts, a and 90°— B : you can there- 
fore use either formula : 

By (1) Sin (90® -a) = Cos a x Cos (90® -b) 

Cob a = Cos a x Sin b 
or Log. Cos A = Log. Cos a x Log. Sin b 

or by (2) Sin (90® -a) = Tan b x Tan (90® -c) 

Cos A = Tan b x Cot c 
or Log. Cos A = Log. Tan 6 + Log. Cot c 

and the triangle is solved. 

In the same triangle suppose you were given b and a, 
to find B. Well, here you are dealing with three circular 
parts of which the middle part is a. Therefore, by (2), 

Sin a = Tan b x Tan (90® -B) 

Sin a = Tan b x Cot B 

^ , _ Sin a 

Cot B = =^ — , 

Tan b 

or Log. Cot B = Log. Sin a — Log. Tan b 
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Take another case. Suppose you were given a and A 
to find c. Here of the three parts with which you are 
deaUng 90"^ —a and 90"^— c are opposite to a, which is there- 
fore the middle part, and by (2) you have 

Sin a = Cos (90° -a) x Cos (90*-c) 

Sin a = Sin a x Sin c 

Q. Sin a 

Sm c =: ^,. — 

Sin A 

or Log. Sin c = Log. Sin a — Log. Sin A 



Fig. 74 



Fio. 73 





I do not think it is necessary to go into any more 
explanation on the subject of Napier's Circular Parts. 
You will experience little difficulty if you place the parts 
correctly in the circle, and this only requires a little 
care. Bemember that the right angle is ignored, that 
the sides containing the right angle must occupy adja- 
cent segments in the circle, and that the complements 
of the two angles and remaining side occupy the other 
segments in their proper respective positions; the rest 
is easy. 
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Here are some examples : 

In the right-angled spherical triangle ABC, given 
c = 90^ b = 78° 28', and a = 57° 48' ; find the other 
Parts. 

Fio. 76 




To find c 

Sin (90® - a) = Tan b x Tan (90** - c) 
Cos A = Tan 6 x Cot c 

...Cote = 008 A 

Tan 6 
A = S?"" 48' Log. Co8 9-726626 

b = 78<' 28' Log. Tan 10-690246 

c = 83*» 47' 39" Log. Cot 9036380 
9036969 

~ ~ 411 

To find h 

Sin (90«» - b) = Cos 6 X Cos (90*> - a) 

Cos B = Cob b x Sin a 
b = 78* 28' Log. Cos 9*300896 

A = 67° 48' Log. Sin 9927470 

B = 80<> 15' 34" Log. Cos 9-228366 
9-228416 



61 

Tofi>tda 

Sin a = Cos (90° - a) x Cos (90° - c) 

Sin a s Sin a x Sin c 

A = 67° 48' Log. Sin 9-927470 

c = 83° 47' 39" Log. Sin 9997447 

a = 67° 16' 16" Log. Sin 9^24917 
9-924897 

20 
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You could also have found a by the formula (2), thus : 

Sin a = Tan b x Tan (90^ - b) 
Sin a = Tan b x Got b 

b = 78<» 28' 0" Log. Tan 10-690246 

B = BO^* 15' 34" Log. Cot 9-234673 

a = 5V W 15" Log. Sin 9924919 

In the last example all the angles we dealt with were less 
than 90°, but you may have angles between 90'' and 180**. 
In these cases you must pay careful attention to the signs 
of the Trigonometrical Eatios as explained in Chapter YI. 
It is shown there that all the Trigonometrical Batios of 
angles less than 90'' are + ; the Sines and Cosecants of 
angles between 90° and 180° are + ; the Cosines, Tangents, 
Cotangents, and Secants of angles between 90° and 180° 
are — 

You know that by Algebra : (1) the product of two 
positive or plus quantities is a positive or plus quantity ; 
(2) that the product of two negative or minus quantities 
is a positive or plus quantity ; (3) that the product of a^ 
positive or plus quantity and a negative or minus quantity 
is a negative or minus quantity. 

A Log. takes no account of signs. Log. (—6) is the 
same as Log. (+6), and therefore the Log. of the ratio of 
any angle is the same as the Log. of the same ratio of 
the supplement of that angle. As an example : 

Log. Sin A=Log. Sin (180°— a). In figures it might 
appear thus: Log. Sin 30°= Log. Sin (180° -30°) = 
Log. Sin 150°. The Sine of 30° and the Sine of 150° are 
both + , and it is impossible, therefore, from the Sine to 
1<ell which of the two angles you have. It is an ambiguous 
case. 

But in the case of the Cosines, although Log. Cos 30° 
=Log. Cos (180°-30°)=Log. Cos 150°, the Cosine of 
30° is +, but the Cosine of 150° is — , and if from the 
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problem we know that the Cosine of the angle of which 
we have the Log. is a — quantity, it is clear it cannot 
be 30°, and it must be 150°, and no ambiguity exists. 



Fio. 76 




Fia, 77 




Perhaps an example or two will serve to make the 
matter more clear. 

Suppose in the right-angled spherical triangle abc, 
on figure 77, a = 90°, b = 130° 19', and c = 81° 22', 
Find the other parts, namely, 6, c and a. 
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To find b 

Sin c = Tan b x Tan (90® - b) 
/. Sin c « Tan & x Cot b 

.-.Tan 6 = 8*5-" 

Cot B 

e = 81** 22' 0" Sin is + 
B = 130° 19' 0" Cot i8j- 

b Tan is - 

Now plus divided by minus eqoals minus, therefore the Tangent of b is 
a minns quantity, and the angle obtained from Table XXV. must be sub- 
tracted from 180®. Now to work it out. 

c = 81® 22' 0" Log. Sin 9-995051 
B = 130® 19' 0" Log.^Cot 9;928684 

49® 21' 39" Log. Tan 10066367 
10066328 

49® 21' 39" ' - 

180® 0' 0" ^^ 

b = 130® 38'~2r' 

^ Sin (90 - c) = Cos c X Cos (90 - b) 

+ + + 

Cose = Cose X SinB 

The Cos c is + , the Sin b is + ; therefore c is less than 90®. Now to 
work it. 

c = 81® 22' 0" Log. Cos 9176411 

B = 130® 19' 0" Log. Sin 9- 882229 

c = 83® 26' 40" Log. Cos 9058640 

9;058820 

180 

To find a 

Sin (90® - b) = Tan. c x Tan (90® - a) 
Cos B = Tan. c x Cot a 

.'.Coia^^ 
Tanc 

The Cos B is - , and Tan c is + ; therefore Cot a is - , and a is greater 
than 90®. Now to work it. 

B = 130® 19' 0" Log. Cos 9-810912 
c = 81® 22' 0" Log. Tan 10818640 

84® 23' 22" Log. Cot 8-992272 
180® 0' 0" 8-992101 

a = "96®^6' 38"" 171 

In this case no ambiguity arises, but when, in a right- 
angled spherical triangle, the parts known are an angle 
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and the side opposite to that angle, there are always two 
solutions. 

Let A B be a right-angled triangle, the angle a being 
the right angle. The angle c and the side c are the known 
angle and side, a and h are arcs of Great Circles which, if 
extended, meet again at the point D, just in the same way 
that Meridians on the Earth meet at either Pole. The 
angles at c and d are equal, and the side a B is common to 




both the right-angled triangles cab and dab. The angles 
B A and D B A are supplementary. Therefore, if you only 
know the angle c, which is equal to D, and the side c, you 
cannot tell to which triangle they belong, and you must 
solve both triangles. The arc c D is 180**, therefore the 
side DB=sl80°-CB. Similarly the side a o= 180°— da, 
and the angle A B c = ISO** — A B D. 

To exemplify this, suppose that in the preceding 
example we had been given a = 90° ; c = 83° 25' 40" ; 
andc = 8r22'0". 

Then by Napier's Circular Parts— 

a. Cos c + 

Sin B = ^ = - = + 

Cos c + 

c = 83° 25' 40" Log. Cos 9*058637 

c = 81° 22' 0" Log. Cos 9-176411 

49° 40' 69" Log. Sin 9882226 

B= 49° 40' 59" or 130° 19' 1" 
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That is to say, the angle at b may be either the angle 
A B c = 49** 40' 59" or the angle a b d = 130^ 19' 1". 
Again — 

Sin 6 = Tan c x Tan (90** - c) 

or Sin 6 = Tan c x Cot c = + x + = + 

c = 81° 22' 0" Log. Tan 10-818640 
c = 83° 25' 40" Log. CJot 9-061499 

49° 21' 37" Log. Sin 9-880139 
b = 49° 21' 37" or 130° 38' 23" 

That is to say the side 6 is either a c = 49** 21' 37" 
or AD = 130** 38' 23". 
And lastly, — 

Sin c = Cos (90° - c) x Cos (90° - a) 
Sin c = Sin c x Sin a 

a. Sin c + 
or Sin a = ~,~^ = -L = + 
Sin c + 

c = 81° 22' 0" Log. Sin 9*995061 
c = 83° 26' 40" Log. Sin 9-9 97136 

84° 23' 25" Log. Sin 9-997916 
a = 84° 23' 26" or 96° 36' 35" 

That is to say a is either b c = 84° 23' 26" or B d =* 
95° 36' 35". To sum up, 

In the Triangle a b c In the Triangle a b d 

B = 49° 40' 59" B = 130° 19' 1" 

b = 49° 21' 37" b = 130° 38' 23" 

a = 84° 23' 25" a = 96° 36' 85" 

If you get a problem of this ambiguous nature in the 
Examination Boom* an unpleasantness which is very 
likely to occur, you must give both solutions. 

Eight-angled spherical trigonometry is very useful in 
Great Circle Sailing, and some navigators use it also for 
calculating the Altitudes of Heavenly Bodies in the Lunar 
problem. The Versine formula is, I think, preferable 
for that purpose; it is one of the formulas for the 
solution of spherical triangles other than right-angled 
which will be explained later on. 

VOL. IX. D 
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Quadrantal Spherical Triangrles 

A quadrantal spherical triangle has one of its sides a 
quadrant, or 90**. 

Let A B be a quadrantal spherical triangle of which 
c is the quadrant. It is solved by the use of Napier's 

Circular Parts, which are the 
angles adjoining the quadrant 
and the complements of the 
other parts. In this case, c 
being the quadrant, the Cir- 
cular Parts are b, a, 90** — 6, 
90— c, and 90 — a, and the 
triangle is solved in the same 
way as a right-angled spheri- 
cal triangle, except that when 
two sides or two angles come 
together on one side of the 
original equation, a minus sign is placed before those 
quantities. You are not required to solve a quadrantal 
spherical triangle by the Board of Trade Examiners to 
obtain an Extra Master's Certificate. But in case you 
would like to know how to do it, I subjoin all the formulas 
when c is the quadrant : 

Sin A = Sin a x Sin o. 
Sin B = Sin b x Sin c. 
Sin A = Tan B x Cot b 
Sin B = Tan c x Cot c 
Cos a = Sin b x Cos a. 
Cos b = Sin a x Cos b. 
Cos c = — Cos A X CosB. 
Cos a = — Tan B x Cot c. 
Cos 6 = — Tan a x Cot c. 
Cos c = — Cot a X Cot b. 



Digitized by 



Google 



SPHERICAL TRIGONOMETRY 



35 



The only problem in Navigation which, so far as I 
am aware, is solved by Quadrantal Trigonometry is an 
* Amplitude.' In that case you have the Polar Distance, 
the Colatitude, and the Zenith Distance, which, as the 
Body is on the Horizon, is of course 90°. 

The next subject to tackle is the solution of spherical 
triangles other than right-angled or quadrantal. 

Spherical Triangrles other than Ri^ht-angled 
or Quadrantal 

To find any angle, three sides being known, — Let a, 6, c 
be the sides of the triangle and a, b, c the angles. For 

shortness and convenience say that s = ^LjL _L_^' or in 

words s equals half the sum of the sides. 

Fig. 80 




The formula I recommend is 

A 



Cos 



_. / Sin s X Sin {s — a) 
V ~Sm 6^' Sin c 



Remember that o— 7 = Cosec 6, and -. = Cosec c; 

Sm 6 Sm c 

therefore by Logs 

Log. Cos - = J {Log. Sin s + Log. Sin (s-a)^ Log. Cosec b + Log. Ck)Bea c] 

or in words, the Log. Cos of half the required angle is 
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equal to half the sum of the following Logs., namely, the 
Log. Sin of half the sum of the sides, the Log. Sin of 
half the sum of the sides less the side opposite the re- 
quired angle, and the Log. Cosecs of the two sides 
adjacent to the required angle. 

Here is an example : 

In the spherical triangle a b c, a •= 78° 29' 20" ; b = 

110° 18' 40", and c = 49° 24' 50" ; required the three 

angles. 

To find A 



= A / Sin 8 X (Si n s — a) 



2 A/ Sin b X Sin c 

b = 110° 18' 40" Log. Cosec 10027880 
c = 49° 24' 50" Log. Cosec 10119613 
a= 78°^y'_20^' 

2 )238° 12\ 50" 

8 = jl9° 6' 25" Log. Sin 9941869 

« - a = 40° 37' 5" Log. Sin 9-813590 

Sum 2)19-902352 

Log. Cos ^ = ^ sum T-961176 



A = 63° 19' 28'' 
To find B 



Cos " = . /5!B g X Sin (8 - b) 
"^ V Sin a X Sin c 

a = 78° 29' 20 ' Log. Cosec 10-008824 
c = 49° 24' 50" Log. Cosec 10-119613 
b = 110° 18' 40' 

2)238° 12' 50" 

8 = 119° 0' 25" Log. Sin 9-941369 

« - 6 = 8° 47' 45" Log. Sin 9-184243 

136 
68 



19-264163 

B 

Log. Cos 2 = i Bum 9-627076 

^ = 64° 65' 50" 

_ - 1 

B = 129° 61' 40" 
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To find 



Goe 



c - ^ / Sin 8 X Sin (s - c ) 
2 V"l 



Sin a X Sin b 



a = 78° 29' 20" Log. Cosec 10-008824 
6 = 110° 18' 40" Log. Cosec 10-027880 
c = 49° 24' 50" 



2)288° 12^50" 

8 = 119° 6' 26" 
8 -c = 69° 41' 36" 



Log. Sin 9-941369 
Log. Sin 9-972132 

19-960205 



Log. Cob ^ = i sum 



9-975102 



^ = 19° 12' 59" 
c = 38° -25' 68" 



Fio. 80 




And SO the triangle is solved. In working this pro- 
blem I strongly recommend you to write the sides down 
as in the example above, with the side opposite the 
required angle last. 

The above solution is used in the Double Altitude 
problem and in Great Circle Sailing. 

II. In any spherical triangle^ two sides and the angle 
included by those sides being given, to find the third side. 

The formula I recommend is : 

(a) Hav = Sin b x Sin c x Hav a. 
(6) Vers a = Vers {b ^c) + Vers 0. 
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Or taking Logs, of (a). 

(a) Log. Hav ^=Log. Sin b -h Log. Sin c + Log. Hav a. 

(b) Vers a = Vers {b^c) + Vers 0, 

Here is an example or two : 

(1) In the spherical triangle a B c, a = 58*^ 19' 28" ; 
6 = 110^ 18' 40", and c = 49° 24' 50" ; find a. 

Hav s Sin b x Sin c x Hav a 

b = 110° 18' 40" Log. Sin 9-972120 
e = 49<' 24' 50" Log. Sin 9*880487 
A = 63° 19' 28" Log. Hav 9-303970 

e Log. Hav 9156677 
e = 44° 80' 20" 

Vers a = Vers (6 - c) + Vers B 

6 - C = 60^ 63' 60" Vers 513410 

parts for 50" 212 

= 44'* 30' 20" Vers . 286760 

parts for 20" 68 

a Vers . 800440 

a = 78° 29' 20" 

(2) In the spherical triangle a b c, b = 129° 51' 40" ; 
a = 78° 29' 20", c = 49° 24' 50" ; find b. 

Hav = Sin a x Sin c x Hav b 

a=: 78° 29' 20" Log. Sin 9991176 
c = 49° 24' 50" Log. Sin 9-880487 
B = 129° 61' 40" Log. Hav 9-914060 

Log. Hav 9-785723 
e = 102° 46' 26" 

Vers b = Vers (a — c) + Vers B 

a-^c = 29° 4' 30" Vers . . 125945 

parts for 30" 71 

- 102° 46' 26" Vers . . 1220981 

parts for 26" 123 

b Vers . . 1347120 
b = 110° 18' 40" 
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In the spherical triangle a B c, c = 38'' 25' 68" ; a = 
78*^ 29' 20" ; b = 110° 18' 40" ; find c. 

Hav a s Sin a X Sin 6 X Uav c 

a= 78<»29'20" Log. Sin 9-^1176 
b = 110° 18' 40" Log. Sin 9-972120 
c = 38° 26' 58" Log. Hav 9034763 

e Log. Hav 8-998049 

e = 36° 47' 03" 

Vers c « Vera (6 - a) + Vers B 

6 - a = 31° 49' 20" Vera . 160261 

parts for 20" 61 

e = 36° 47' 3" Vers 199094 

parts for 3" 9 

e Vers 349416 

c = 49° 24' 61" 

The above solution is used in the Lunar Problem, in 
the Double Altitude Problem, and in Great Circle Sailing. 

Fio. 80 




If, unfortunately for yourself, you have no Table 
of Natural Versines, you will have to use the following 
modification of the Versine formula when finding the 
third side. 

(1) Hav = Hav (180** - A) x Sin 6 x Sin c. 

(2) Hav a = Sin i (6 + c + ^ X Sin i (6 + c - fl). 
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Taking the same data as in the last example, to 
find a. 

k = Sa*' 19' 28" 180° - A = 126*' 40' 32" 

b = 110« 18' 40" 
c = 49° 24' 50" 

6 + e = 169° 43' 30" 

180° - A = 126° 40' 82" Log. Hav 9-902852 

6 = 110° 18' 40" Log. Sin 9972120 

c = 49° 24' 60" Log. Sin 9- 880487 

e Log. Hav 9-764969 

e= 97° 54' 82" 
6 + c = 169° 43' 30" 



u 



b + c + B = 267° 38' 2" 

6 + c - tf = 61° 48' 58" 
b+ e + B)s 128° 49' 1" Log. Sin 9891622 
|6 + c - a) = 30° 64' 29" Log. Sin 9710677 

a Log. Hav 9*602299 
a = 78° 29' 20" 



This method is, of comrse, more laborious, but without 
Versines you must employ it. 

III. In any spherical triangle, two angles and the in- 
cluded side being hnmcn^ to find the other parts. 

You first find the other two sides by working the 
following formulas, and then find the remaining angle with 
the three sides : 

Or by Logs. : 

(1) Log. Tan i (6 + c) = Log. Cos i (B - c) + Log. 

Seci(B + c) + Log. Tan ^. 

(2) Log. Tan ^ (fc - c) = Log. Sin i (B - <;) + Log. 
Cosec i (B + c) + Log. Tan ?. 

Then, having found the half sum and the half dififer- 
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ence of b and c, you will get the value of b and c by the 
following algebraical formula : 

i (6 + c) + i (6 - c) = 6 >.^ ^it t : i: , 

and I (6 + c) - J (6 - c) = c 

Here is an example : 



a = 78^ 29' 20" 
B = 129*» 51' 40" 
c= 88^ 27' 68" 



B = 129^ 61' 40" 
c =_88^26^ 68^' 

B + c = 168° 17' 38" 




~ = 39° 14' 40" i (b + c) = 84° 8' 49" 

J(b +c) Log. Gob . 9*844003 i 

(B - c) Log. Seo . 10-991494 < 



B= 129° 51 
c= 38° 25' 68" 

(b - c) = 91° 25' 42" 
J (B - c) = 46° 42' 61" 



Log. SiD . 9-854831 
Log. CoBec . 10*002270 



I Log. Tan. 9*912164 
i (6 + c) Log. Tan 10*747661 



Log. Tan 



9-912164 



J (6 + c) = 79° 61' 47" 
|(6-c)= 

b = Smn 110° 18' 41" 
c = Diff. 49° 24' 63" 



J (6 ~c) Log. Tan 9-769265 

° 61' 47" 
80° 26' 54" 



Having the sides a, 6, and c you can, of course, find 
the remaining angle in the manner already shovni on p. 35. 



Fig. 80 




There are many other formulas for the solution of 
spherical triangles other than right-angled and quadrantal, 
but the above are to be recommended, because in using 
them no ambiguity can arise. 
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CHAPTEK XVIII 
STELLAR NAVIGATION 

{This Chapter should be read by candidates for Extra 
Master's Certificate.) 

The stars have many advantages over the Sun for navi- 
gational purposes. There is but one Sun, and he is on 
the Meridian only once a day, and on or near the Prime 
Vertical — that is to say, quite or nearly East or West — 
only twice a day ; moreover, in our Northern Latitudes, he 
is never very nearly East or West during the winter ; but 
there are about a dozen bright stars available for naviga- 
tional purposes, and in all Latitudes and at all seasons 
stars can be found well situated for observation. Observa- 
vations of the Sun cannot be checked by comparison, but 
one star will serve to check another. Two stars, one 
East and the other West, for Time and Longitude, or 
two stars at about right angles to each other, for posi- 
tion, will give most satisfactory results. On the other 
hand, the stars are subject to this disadvantage, that 
a practical diflSculty exists, especially in our hazy, cloudy 
Latitudes, in getting a Horizon sufficiently clear and 
defined to render accurate contact possible. The best 
time for taking stars is during morning or evening 
twilight, the former for choice. 

It rarely happens that atmospheric conditions permit 
of the use of the inverting telescope in taking Altitudes of 
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the stars at sea, and small binoculars fitted to the sextant, 
or the ordinary telescope of low power, are generally to 
be preferred. With a badly defined Horizon it is better to 
dispense with telescopes and tubes altogether, and the 
good results thus obtained, after plenty of practice, will 
probably astonish you. Bemember that in such a case 
you are more likely to make the Altitude too small than 
too large. 

Owing to the enormous distance of the fixed stars 
from the Earth, they have no Semi-Diameter or Parallax 
as seen from the Earth. From our Globe the nearest 
fixed star is but a point of light without any breadth, and 
the Globe would be invisible from it even through our 
most powerful telescopes. The only corrections, there- 
fore, to be made to the Observed Altitude are for Sextant 
Errors, if there are any, and for Dip and Refraction. 

Some planets have sensible diameters as viewed from 
the Earth, and the Earth has sensible diameter as viewed 
from some of the planets ; therefore in astronomical 
problems corrections for both Semi-Diameter and Parallax 
would have to be made. But the Semi-Diameter is too 
small to be distinguished with a sextant, and Parallax 
is not large enough to be worth considering in nautical 
astronomy. Hence in the case of planets also, the 
only corrections are for Sextant Errors, Dip, and Befrac- 
tion. 

You will remember that in the case of an Altitude of 
the Sun's lower limb, all the corrections, except for Index 
Error, may, in practice, be taken out at once, from Table 
IX. ; so in the case of stars and planets Table XV. gives 
one inclusive correction ; but whereas in the former case 
the correction is additive, in the latter it is subtractive. 
In the Board of Trade Examination, however, the correc- 
tions must be made separately. 
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In most stellar problems Sidereal Time and Eight 
Ascension are involved, and a fuller explanation of those 
terms than has hitherto been given is necessary. I 
think you had better read and understand the next few 
pages before tackling the various problems, formulas, and 
examples ; but if you prefer to take the actual problems 
and formulas first, turn to page 57 and do so, and when 
you have mastered them, read the following explanation. 

Apparent Time and Mean Time. — It is advisable first 
to explain the difference between the Apparent Sun and 
the Mean Sun, and between Apparent Time and Mean 
Time. The Apparent Sun is the actual Sun, and it moves, 
or, to be accurate, it appears to move, at an irregular rate 
of speed round the Earth along the Ecliptic. Apparent 
Time is the Westerly Hour Angle — that is the Westerly 
Angle at the Celestial Pole between the Meridian passing 
through the centre of the actual Sun and the Meridian 
of the Observer. 

The irregularity in rate of speed would cause inex- 
tricable confusion if the actual Sun were used in calculat- 
ing problems, unless Chronometers could be made to 
match. For this and other reasons an imaginary Sun 
moving at a uniform rate of speed along the Equinoctial 
has been invented. This is the Mean Sun. Mean Time 
is the Westerly Hour Angle, that is the Westerly Angle 
at the Pole between the .Meridian passing through the 
centre of the Mean Sun, and the Meridian of the 
Observer. 

In determining Longitude where you have to take the 
difference between Time at Ship and Time at Greenwich 
Mean Time is used because your Chronometer gives you 
Greenwich Mea^i Time. It is, of course, the Apparent 
Sun that you observe, and it is Apparent Time that you 
obtain from your observation, but this Apparent Time 
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must be turned into Mean Time by applying the Equation 
of Time. 

Equation of Time is calculated to meet two require- 
ments, 1st, to average the unequal rapidity of the Sun's 
motion (really the unequal rapidity of the Earth's move- 
ment in her orbit) ; 2nd, to allow for the fact that the 
Equinoctial and Ecliptic are not in the same plane. Both 
are Great Circles ; and, if they were in the same plane the 
Apparent Sun on the Ecliptic would, if it moved at a 
steady rate, move uniformly with the Mean Sun on the 
Equinoctial, and both would always make the same Polar 
Angle. But, owing to the obliquity of the planes of the 
Equinoctial and of the Ecliptic, the Polar Angle of the 
Apparent Sun on the Ecliptic would be sometimes less 
and sometimes greater than the Polar Angle of the Mean 
Sun on the Equinoctial, even though both were moving 
uniformly at the same rate ; therefore an allowance has 
to be made for this obliquity. Moreover, the Apparent 
Sun does not move at a uniform rate, and aUowance must 
be made for that also. The greatest difference between 
Apparent Time and Mean Time is almost 17 minutes, 
and this difference is made up of about 7 minutes due to the 
unequal motion of the Apparent Sun, and about 10 minutes 
to the obliquity of the two planes above mentioned. 

The largest differences occur early in February and 
November. In the former month 14 m. 26 s. have to 
be added to Apparent Time, and in the latter month 
16 m. 20 s. have to be subtracted from Apparent Time 
in order to get Mean Time. 

A Sidereal Day consists of 24 Sidereal Hours, and is 
the measure of the period in which the Earth makes one 
revolution on its axis. Expressed in Solar Time it is about 
23 h. 56 m. long ; in other words, that is the interval of 
Mean Time which elapses between a star's departure from 



Digitized by 



Google 



46 STELLAR NAVIGATION 

a Meridian and its return to that Meridian. The Earth 
makes 366^ of these rotations in its journey round the Sun. 
The year is therefore 366^^ Sidereal Days long. 

A Solar Day is the time that elapses between the Sun's 
departure from a Meridian and its return to that Meridian ; 
it is not the true measure of the Earth's rotation on her 
axis ; it is only the measure of her rotation in reference 
to the Sun. The Earth completes her journey round the 
Sun in about 365^^ of these rotations. Thus the year 
consists of 365^^ Solar Days, but of 366^^ Sidereal Days, 
and consequently the Solar Day is about 4 minutes longer 
than the Sidereal Day. The reason why a complete 
rotation of the Earth does not exactly coincide with a 
Solar Day is this. The Sidereal Day is the exact period 
of the Earth's rotation because, great as is the distance 
travelled by the Earth round the Sun, her distance from 
the stars is so infinitely greater that her movement in her 
orbit makes no appreciable difference in her position in 
respect to the stars ; but the motion of the Earth along 
her orbit round the Sun alters her position in respect of 
that luminary to an appreciable extent. The Earth's 
orbital movement causes the Sun to appear to move in 
the same direction, namely, Easterly, and in order that 
the Earth at the end of a rotation may present to the 
Sun the same portion of her surface that she presented 
at the beginning of a rotation, she must rotate for about 
i minutes extra. Consequently the Solar Day is about 
4 minutes longer than the Sidereal Day. 

In measuring Hour Angles or Time, the Meridian is 
assumed to be fixed, and the body is assumed to move, 
though in reality of course the reverse is the truth. 

Sidereal Time is the Westerly Hour Angle of the First 
Point of Aries, or in other words it is the angular distance 
of the First Point of Aries West of the Meridian of the 
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observer. It is h. m. s. by a sidereal clock when the 
First Point of Aries is on the Meridian. 

Consideration of the diagram No. 81 may assist to 
make clear the above explanation of the nature of Apparent 
Solar, Mean Solar, and Sidereal Time. 

The centre of the diagram is the Earth, which spins 
round in the direction indicated by the arrow. The 
two Great Circles, the Ecliptic and Equinoctial, are 

Fig. 81 




represented by a s b and a n s' b. p is the Celestial Pole 
and p B is the Meridian of an observer at L a is the 
First Point of Aries, the point of intersection of the 
Ecliptic and Equinoctial at the Spring Equinox, s is 
the position of the Apparent — that is the actual — Sun, 
and s' is the corresponding position of the fictitious object 
called the Mean Sun. 

8 gets round the Ecliptic from a back to a in a year, 
and s' round the Equinoctial from a back to a in the same 
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time. The Arc N r is the Westerly Hour Angle of the 
actual Sun, and is Apparent Time at Ship. The Mean 
Time at Ship would be s' r and the Equation of Time N s'. 
The Arc a r is the Sidereal Time at Ship, and A s', which 
increases 4 m. a day, measures the diflference between 
Mean Solar and Sidereal Time. 

If an interval of Sidereal Time has to be converted into 
Solar Time, a suitable amount must be subtracted from it. 

Fig. 81 




This operation is called 'Retardation.' Table XXXVII. 
gives you the parts appropriate to the excess of Side- 
real over Mean Time. Take out the parts for the hours, 
minutes, and seconds of your interval of Sidereal Time, 
and deduct them from the interval, and you have the 
interval in Mean Time. ' Acceleration ' Table XXXVIII. 
is the process of converting an interval of Mean Solar 
Time into Sidereal Time. To the Mean Solar Time add 
the parts due to it, and you have the Sidereal interval 
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required. The former process of Retardation is never, as 
far as I am aware, necessary in navigation ; but the latter 
process of Acceleration is necessary. In double Altitudes 
of a star the elapsed time measured by a Chronometer, 
which of course keeps Mean Time, must be reduced to a 
Sidereal interval by Acceleration ; and the Right Ascen- 
sion ot the Mean Sun requires to be accelerated every 
time you use it, unless the date of your observation is 
Greenwich noon, on account of the Sun's movement in 
Right Ascension. 

Bight Ascension. — Right Ascension is the angle at the 
Celestial Pole between the Meridian passing through the 
centre of the bo^y and the Meridian passing through a 
point called the First Point of Aries. Right Ascension is 
always measured in terms of time, not of arc. The Right 
Ascension of any Heavenly Body is measured along the 
Equinoctial (the Equator extended indefinitely to the 
Heavens), from the First Point of Aries ; it is measured 
Easterly, that is in a direction contrary to the movement 
of the hands of a watch, to an observer suspended above 
the North Pole, round the circle through 24 hours. 
It is therefore the Easterly Angle of the body, or what is 
the same thing, the Westerly Angle of the First Point of 
Aries ; or, in other words, it is the angular distance of the 
body East from the First Point of Aries, or the angular 
distance of the First Point of Aries West from the body. 

Do nob allow yourself to get puzzled by the expression 
East and West. Though North and South may be 
considered fixed positions, being in the Heavens the 
prolongation indefinitely of the Axis of the Earth, and 
are expressions applicable to a circle such as we represent 
the Celestial concave to be, East and West are purely 
arbitrary and relative expressions, and are not properly 
applicable to any fixed point in the Celestial concave. If 

VOL. II. E 
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you were to steer East from say the Meridian of Greenwich, 
and kept your course, you would sail Easterly for ever 
round and round the Globe, though during every circum- 
navigation you would have sailed towards the West. So 
in the same way the movement of a body along the 
Equinoctial, or in any orbit, is always Easterly, though it 
may appear in its progress to move towards the West. 
It is a pity, I think, that East and West are used in 
Astronomy to signify the direction in which bodies move, 
for the use of these terms is apt to cause confusion of 
mind, and plus and minus, or some other expression, 
would have done equally well. I think the diagram below 
will show what is meant by East and .West and Eight 
Ascension. 

Fio. 82 




Let M R A o be a figure on the plane of the Equinoctial, 
N the North Pole, n m the Meridian of an Observer, a the 
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First Point of Aries, and x a Celestial Body whose Meridian 
is N o. Then a o is the Right Ascension of x. am is 
the Bight Ascension of the Meridian and the Sidereal 
Time of the Observer. If you travel round the Equinoctial 
in the direction m r A o you will be going East ; if in the 
contrary direction, West. 

The Ecliptic (the apparent path of the Sun in the 
Heavens) and the Equinoctial (the indefinite extension of 
the Plane of the Equator) are not in the same plane. 
They are inchned to each other at an angle of about 23® 27'. 
Consequently they cut each other at two points, the 
First Point of Aries and the First Point of Libra. We 
have only to do with their intersection at the First Point 
of Aries — the Spring Equinox. 

Once upon a time the Equinoctial and the Ecliptic 
really intersected in the First Point of the ConstellaticMi 
Aries. The intersection of the Equinoctial and the 
Ecliptic has long ago departed from that point, owing 
to the precession of the Equinoxes ; but that particular 
point of intersection, which is all-important as the 
starting place for measuring Eight Ascension, is still, for 
convenience sake, styled the First Point of Aries. 

Though Eight Ascension is always described in terms 
of time, it does not give us time, because it is the Sun 
which manufactures time for us. Therefore while the 
Polar Angle of the Apparent Sun is Apparent Time, and 
the Polar Angle of the Mean Sun is Mean Time, the 
Polar Angle of a star, planet, or the Moon is neither 
Apparent Time nor Mean Time, but it can be easily used 
to determine Mean Time. 

The Eight Ascension of the Meridian is the angular 
distance, measured Eastward along the Equinoctial from 
the First Point of Aries to the Meridian passing through 
the Observer. The Eight Ascension of the Mean Sun, 

E 2 
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as of any other Heavenly Body, is the angular distance 
of the Mean Sun measured Easterly along the Equinoctial 
from the First Point of Aries. 

The angle which the Meridian of a Heavenly Body 
makes at the Pole with the Meridian of the Observer, is 
its Polar Angle. In the case of the Sun the Polar Angle 
is also the Hour Angle, for it is the measure of Apparent 
Time. But in the case of any other Heavenly Body the 
Polar Angle does not give you the time. Nevertheless, 
it is commonly called its Hour Angle, and all such 
angles are described in terms of time; this nomen- 
clature is misleading, and you must not forget that 
what is commonly called the Hour Angle is really 
only the Polar Angle. In calculating Hour Angles the 
Meridian is, as has been already stated, supposed to be 
fixed, and the Hour Angle is counted Westerly from the 
Meridian to the body. 

Now you must understand how Sidereal Time is used 
to find Mean Time at Ship by means of the Hour Angle 
of any Heavenly Body other than the Sun. Sidfereal 
Time is the Westerly Hour Angle, or, what is the same 
thing, the angular distance measured Westward along the 
Equinoctial, from the Meridian of the Observer to the 
First Point of Aries. 

The First Point of Aries appears to move — and for 
the future I will simply say moves — right round the 
Equinoctial 360** in a Sidereal Day of 24 Sidereal Hours. 
The First Point of Aries, therefore, moves at the uniform 
rate of 15° in one Sidereal Hour, 30*" in two Sidereal Hours, 
and so on. Sidereal Time simply means that the First 
Point of Aries is so many degrees and parts of a degree 
to the Westward of the Meridian; consequently if you 
know Sidereal Time — that is, the Westerly Hour Angle 
of the First Point of Aries — you know the position of the 
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First Point of Aries on the Equinoctial in reference to 
your Meridian. 

The Mean Sun moves right round the Equinoctial 
360** in 24 hours of Mean Time. It moves at the rate of 
15** in one hour, 30° in two hours, and so on. Mean 
Time means that the Sun is so many degrees and parts 
of a degree to the Westward of the Meridian. Consequently 
if you know the position of the Mean Sun upon the 
Equinoctial in reference to your Meridian, you know Mean 
Time at Ship. 

In the case of the Mean Sun, the angular distance or 
Hour Angle measures Mean Time; in the case of the fixed 
stars the angular distance or Hour Angle measures Sidereal 
Time. The angles made by the Sun in one hour of Solar 
Time and by a star in one hour of Sidereal Time, are the 
same, but the times used to measure the angle are different. 
The Sun's Hour Angle increases 1 5° in one hour of Mean 
Solar Time, and a star's Hour Angle increases 15° in one 
hour of Sidereal Time, which is about 10 seconds shorter 
than an hour of Mean Solar Time. In other words, 
measured by the standard of Solar Time, the star makes 
an angle of 15° in less time by 10 seconds than the Sun. 

It is easy now to see how to deduce Mean Time at Ship 
from a star's Hour Angle. 

1st. — Find the star's Hour Angle, which is its angular 
distance West of your Meridian. 

2nd. — Find the Eight Ascension of the star, which is 
its angular distance East of the First Point of Aries. 

3rd. — Find the Right Ascension of the Mean Sun, 
which is its angular distance East of the First Point 
of Aries. 

4th. — Add the star's Hour Angle to its Right Ascension, 
which gives you the Westerly distance of the First Point 
of Aries from your Meridian, or, what is the same thing, 
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the Easterly distance of your Meridian from the First 
Point of Aries/ 

5th. — From the Right Ascension of the Meridian (the 
distance East of the Meridian from the First Point of 
Aries) deduct the Eight Ascension of the Mean Sun (the 
distance of the Mean Sun East from the First Point of 
Aries) and you have left the distance of the Meridian 
East from the Mean Sun, and that is the same thing as 
the distance of the Mean Sun West from the Meridian, 
and that is the Mean Sun's Westerly Hour Angle, and 
that is Mean Time at Ship. A httle diagram will make 
that quite plain. 

Fio. 83 




Let M s R A be a figure on the plane of the Equinoctial. 
Let p be the North Pole of the Heavens ; a the First Point 
of Aries ; x a Celestial Body whose Meridian is p r ; s the 
Mean Sun, and p m the Meridian of the Observer. Then 
AR is the Eight Ascension of x, ar s is the E.A.M.©. arsm 
is the Eight Ascension of the Meridian (or Sidereal Time), 



Digitized by 



Google 



STELLAR NAVIGATION 65 

and s M is Mean Time at Ship. It is obvious that a r -f 
R M equals Sidereal Time, as does also A s -f s M. Therefore 
AR + RM = AS + sm; or in other words, a r (star's 
R.A.) + R M (star's H.A.) = A r s (R.A.M. 0) + m s (M.T.S.) 

It remains only to explain why the Right Ascension 
of the Mean Sun requires to be accelerated for the 
Greenwich date of your observation. 

The Eight Ascension of the Mean Sun is given at 
Greenwich noon on every day under * Sidereal Time ' in 
the right-hand column of page II for each month of the 
Almanac. Sidereal Time at Greenwich noon is the Right 
Ascension of the Mean Sun because Sidereal Time is the 
angular distance Westward of the First Point of Aries 
from the Meridian, and the Right Ascension of the Mean 
Sun is its angular distance Eastward from the First Point 
of Aries. As the Sun is on the Meridian at noon, the 
Sun's Easterly distance from the First Point of Aries (or 
its Right Ascension) and the Westerly distance of the 
First Point of Aries from the Meridian (or Sidereal Time) 
are one and the same thing. But Sidereal Time is not 
the same thing as the Right Ascension of the Mean Sun 
at any moment except at Greenwich noon. 

Assume the Earth to be fixed and immovable in space 
and not to turn on her axis, and the First Point of Aries 
and the Mean Sun to be revolving round her from East 
to West daily, and the Mean Sun to be moving Eastward 
along the Equinoctial. The First Point of Aries com- 
pletes the circle of 360** in a Sidereal Day of about 
23 h. 56 m. of Mean Solar Time. The Mean Sun 
takes 24 h. of Mean Solar Time to complete the same 
circle. The Mean Sun, therefore, lags behind the First 
Point of Aries to the extent of about four minutes daily, 
and the First Point of Aries appears to have moved to 
the Westward 4 minutes, or about l"*, along the Equi- 
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noctial daily. The Bight AscenBion of the Mean Sun is its 
angular distance from the First Point of Aries, measured 
Eastward, or what is the same thing, the angular distance 
of the First Point of Aries from the Mean Sun measured 
Westward. If the First Point of Aries and the Mean 
Sun completed their daily circle round the Fiarth in the 
same period, the Eight Ascension of the Mean Sun would 
remain always the same ; but the First Point of Aries 
goes 4 minutes to the Westward in 24 hours, or what is 
the same thing, the Mean Sun lags behind it 4 minutes 
in the 24 hours elapsing between one Greenwich noon 
and the next Greenwich noon. The Eight Ascension 
of the Mean Sun at Greenwich noon is, as has been ex- 
plained, Sidereal Time; therefore, the Sidereal Time when 
the Mean Sun is on the Meridian of Greenwich must 
be proportionally accelerated for the Greenwich date 
of observation, that is, for the time that has elapsed 
since Greenwich noon, in order to give you the Eight 
Ascension of the Mean Sun at the* time of observa- 
tion. What you are really doing is increasing the 
Eight Ascension of the Mean Sun by acceleration. Look 
at the Almanac on any day you like, say February 12, 
1898. You will see that, at Greenwich Mean Noon, 
Sidereal Time, or, in other words, the Eight Ascension 
of the Mean Sun, is 21 h. 30 m. 13-36 s. On the 13th 
it is 21 h. 34 m. 9*91 s. The difference, you see, is 
about 4 minutes. The amount has increased or accelerated 
4 minutes in the 24 hours, therefore the amount at noon of 
the 12th, namely 21 h, 30 m. 13*36 s., must be increased 
or accelerated by an amount proportionate to the hours, 
minutes, and seconds that have elapsed between Greenwich 
noon and the Greenwich date of your observation. 

Now I think we may go on to the Problems and 
Formulas. 
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Latitude by a Meridian Altitude above the Pole 

(Required for First Mate's Certificate) 

This problem is worked exactly in the same way as a 
Meridian Altitude of the 8un ; the only difference being 
that Declination does not require correction, and thai 
observed Altitude requires no correction for Semi-Diametei 
or Horizontal Parallax. All you have to do is as foUows : 

Find the True Altitude from the Observed Altitude by 
correcting the latter for Index Error, Dip, and Eefraction. 
Look for the star under * Mean Places of Stars ' in the 
Nautical Almanac, and you will find its Eight Ascension 
given, look for that Eight Ascension under 'Apparent Places 
of Stars ' in the Almanac, and you will find your star. Take 
out its Dechnation. Then 90° — True Altitude == the 
Zenith Distance ; and Zenith Distance + Declination, 
if both are of the same name, = Latitude; if Zenith 
Distance and Declination are of different names, then their 
difference equals Latitude, which is of the name of the 
greater of the two. 

Here is an example : 

1898, September 20th, the Obs. Mer. Alt. of the star 
Fomalhaut was 67° 18' 20", South of Observer. I. E. + 
V 40", Height of Eye 20 feet. Eequired the Latitude. 

Obs. Mer. Alt. 67*» 18' 20" S 



I.E. . 


+ 1' 40" 




'67^20' 0" 


Dip . 


4' 24" 




67° 16' 36" 


Ref. . 


24" 


Tr. Alt. 


. 67° 16' 12" S 




90° 0' 0" 


Z.D. . 


. 22° 44' 48" N 


Dec. . 


. 30° 9' 22" S 


Latitude 


. 7° 24"' 34" 8 
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Latitude by a Meridian Altitude below the Pole 

(Required for First Mate's Certificate) 

Latitude by Meridian Altitude below the Pole is found 
just as simply as is Latitude by Meridian Altitude above 
the Pole. The problem is of course applicable to the Sun 
only when it does not dip below the Horizon. 

Whereas in an observation of a body above the Pole 
it is on the Meridian when it attains its highest Altitude, 
in an observation below the Pole it is on the Meridian 
when it reaches its lowest Altitude. 

To the True Altitude below the Pole add the Polar 
Distance, and the result is the Altitude of the Pole, and 
the Altitude of the Pole is the Latitude of the Observer. 
That the Altitude of the Pole is the Latitude of the 
Observer, will be seen by the following diagram : 

FiQ. 84 ^®* ^P^^ ^^ 

the Earth, whose 

Poles are jpand p^ 
and Equator ^5,, 
let z H be part 
of the Celestial con- 
cave, z the Zenith, 
H the Horizon, and 
p the Celestial Pole. 
Then a g is the 
Latitude of a. But 
jp g is equal to 90°, 
as is also a b ; take 
from each the arc 
A p and you find 
that A g' = jp B. But p B is measured by the angle jp B, 
and this angle measures the arc p h, therefore the arc 
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pB or the arc A g' = arc p h ; but p h is the Altitude of 
the Pole and a g is the Latitude of the Observer. 

It must be remembered that, in observations below the 
Pole, the Greenwich date of the observation must be 
found in order to correct Declinations, in the case of the 
Sun or planets, so as to ascertain their true Polar Dis- 
tances. The time of observation in the case of the Sun is 
12 hours from noon, or, in other words, is 12 hours 
Apparent Time at Ship, to which your Longitude in Time 
must be apphed. In the case of a planet 12 hours 
must be added to the date of its Meridian passage as 
taken from the Nautical Almanac, to which Longitude 
in Time is to be applied, and a small correction to allow 
for the Planet's movement in K. A. In the case of fixed 
stars, the change of Declination is too small to be con- 
sidered. It is only given for every tenth day in the 
Almanac, and then only amounts to decimals of a second. 

Here follow one or two examples : 

1896, June 18th, in Longitude 160° W, the Obs. Mer. 
Alt. of the Sun's L. L. below the North Pole was 9° 22' 10", 
I. E. - V 20", Height of Eye 16 feet. Kequired the Latitude. 



3-02" 
22-7 

2114 
604 
_604_ 

68-554" 



A.T. S. 18th . 12'' 
Long, in Time . 10 


® Dec. 
0" 0- 23° 25' 25-4" 
40 1' 8-6" 


A. T. G. 18th . 22 


40 23° 26' 340" N 
90° 0' 0" 




P. D. 66° 33" 260" 


Obs. Alt. 
I.E. . 


9° 22' 10" 
- 1' 20" 


Dip 


9° 20' 60" 
3' 56" 


S. D. . 


9° 16' 54" 
15' 46" 


R.-P. . 


9° 32' 40" 
6' 20" 


Tr. Alt. . 
P.D. . 


9° 27' 20" 
66° 33' 26" 


Latitude 


76° 0'46"N 
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1898, November 30th, the Obs. Mer. Alt. of a Crucis 
below the South Pole was 15° 14' 40", I. E. + 0' 50", 
Height of Eye 24 feet. Required the Latitude. 



Obs. Mer. Alt. 
LE. 

Dip . 

Ref . . 

Tr. Alt. . 
P. D. 

Latltade 



15° 14' 


40" 


+ 


0' 


50" 


15<» 


15' 


30" 




4' 


49" 


15° 


10 


41" 




3' 


28" 


15<^ 


7' 


13" 


27° 


27' 


60" 



aCmcisDcc 
62° 32' 10" S 
90° 0' 0" 

P. D. 27° 27' 60" 



42° 35' 3" S 



Latitude by Altitudes above and below the * 
Pole of a Cireumpolar Star 

This is the simplest of all methods of finding Latitude. 
But as obviously the position of the Observer must not 
shift during the interval between observations, it is 
comparatively useless at sea. Nevertheless the method 
may be mentioned. 

The Altitude of the elevated Pole is equal to the Latitude 
of the Observer, as has been shown. This being so, if 
you can find the Altitude of the Pole you know your 
Latitude. 

A cireumpolar star is a star whose Declination is such 
that its Polar Distance is less than the Latitude of the 
Observer. The star is consequently always above the 
Horizon, such is the case for instance in our Northern 
Latitudes with all the stars in the constellation so f amiUar 
to us — the Great Bear. 

To find the Latitude take the Altitude of a star when 
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on the Meridian below the Pole, and take its Altitude when 
on the Meridian above the Pole, or vice versa. And as a 
star's Polar Distance never varies sufficiently to affect an 
observation, the mean of the two Altitudes, as the diagram 
shows, is the Altitude of the Pole, and the Altitude of the 
Pole equals the Latitude. 

Fio. 85 




In the figure let o be the centre of the Earth, z the 
Zenith of an Observer, h the Rational Horizon, p the Pole, 
and H X and H Xj the True Altitudes of a Heavenly Body 
above and below the Pole. It is obvious that since p x 
and P X, are equal, the mean of the two Altitudes is H p, 
the Altitude of the Pole, which equals the Latitude, as is 
proved on page 58. 
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Ex-Meridian of the Pole Star 

(Bequiredfor Ordinary Master's Certificate) 

Ex- Meridians below the Pole are of course quite prac- 
ticable, but there is no particular object in them, and with 
the exception of Alpha UrssB Minoris (Alpha Polaris or 
the Pole Star), stars are not, I think, subjected to this opera- 
tion. But an Ex-Meridian of the Pole Star is exceedingly 
useful. The problem is very simple, and knowledge of your 
time within ten minutes is good enough for all practical 
purposes. If the Horizon is clear enough to enable you 
to make good contact, no better way of finding your 
position exists than by an Ex-Meridian Altitude of the 
Pole Star, and an Altitude of a star East or West, or, if 
possible, of two stars, one East and the other West. The 
Pole Star gives your Latitude, and the other star worked 
with that Latitude gives you your time and consequently 
your Longitude. 

To work an Ex-Meridian of the Pole Star, — Correct 
the star's Observed Altitude in the usual way, and deduct 
the constant 1' from the True Altitude. 

Find the Sidereal Time of your observation, that is in 
other words the Right Ascension of the Meridian. To do 
this, note the time of your observation as shown on 
your Chronometer, and correct it for Chronometer error. 
From the Greenwich date thus found, get Mean Time at 
Ship by applying your Dead Reckoning Longitude in time. 
Take out Sidereal Time for Greenwich noon from the 
Almanac (Right Ascension of the Mean Sun at Green- 
wich noon). Accelerate this for the Greenwich date and 
you have the Right Ascension of the Mean Sun at the 
time of your observation. Mean Time at Ship -f the 
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Right Ascension of the Mean Sun gives the Eight As- 
cension of the Meridian, or, in other words, the Sidereal 
Time of observation. 

Enter Table I. in the Nautical Almanac (p. 571 of the 
Almanac for 1898) with your Sidereal Time of observation, 
and take out the correction corresponding to it. Apply 
this correction to the True Altitude reduced by the con- 
stant 1', adding or deducting it according to whether the 
sign of the correction is + or — . 

Enter Table II. with your Sidereal Time of observation 
at the side, and the star's Altitude at the top, and take 
out the correction, which is always to be added to the 
Altitude. 

Enter Table III. on the same page with your 
Sidereal Time of observation at the side, and the months at 
the top, and take out the corresponding correction, which 
is always to be added to the Altitude. 

True Altitude of the star — Constant, + or — the first 
correction, and -h the second and third corrections, is the 
Latitude. 

As in Table I. Sidereal Time is given for every ten 
minutes ; and as in Table II. Sidereal Time is given for 
every half-hour, and Altitude for every five degrees ; and 
as in Table III. Sidereal Time is given for every two hours 
and the date for the first of each month, it is well in all 
cases to roughly average the various corrections unless 
your Sidereal Time of observation, the star's Altitude, and 
your day of the month happen to coincide pretty nearly 
with the Sidereal Time Altitudes and dates given in the 
tables. 

The various corrections are rendered necessary by the 
fact that the Pole Star is not exactly at the Pole. If it 
was, of course, its true Altitude would be the Altitude 
of the Pole, and the Altitude of the Pole is equal to the 
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Latitude. The object of deducting the constant 1' is to 
make corrections II. and III. always additive. The 
following diagram exemplifies the case : 




In this diagram, which is on the plane of the Horizon, 
let a, b, and c be positions which Polaris assumes during 
a rotation of the Earth. It is obvious that when it is at 
b, its Altitude is practically the same as that of the Pole, 
while when it is at a, its Altitude is greater than that of 
the Pole by P t, and on the contrary when it is at c, its 
Altitude is less than that of the Pole by p L Here is an 
example : 

1898, August 10th, in Longitude 35° W, when a Chrono- 
meter showed on the 10th, 12 h. 18 m. 40 s., whose error on 
M. T.G. was slow 4 m. 10 s., the Obs. Alt. of the Pole 
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M. T. G. 10th . 


12 


22 


50 


Long, in Time . 


2 


20 





M. T. S. 10th . 


10 


2 


50 


R. A. M. 


9 


15 


56*83 


Acoeleiation 12^ 




1 


58-28 


22» 






3-61 


50* 






•14 



46«» 


20' 


16" 
56" 


46° 


19' 


21" 




1' 


0" 


46° 


18' 


21" 




+ 3-6" 


46° 


18' 


24-6" 
49-4" 




1' 


26" 
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Star was 46° 22' 30", I. E. + 2' 10", Height of Eye 
20 feet. Bequired the Latitude. 

Chron. Time 10th 12'' 18" 40* Obs. Alt. . 46° 22' 30" 
Error on M. T. O. 4 10 I. E. . + 2' 10" 

46°24'^46" 
Dip . 4' 24" 

Bef. . 

Const. 
Sid.TimeofObB.(R.A.Mer.)19 20 48-86 - ^^ 

iBt KjOTT, 

2nd Gorr. 
3rd Corr. 

Lfttitade . 46° 20' 40" N 



Lonsfitude by Star and Chronometer 

(Bequired for First Mate*$ Certificate) 

This problem is, as far as finding the star's Hour 
Angle, worked precisely in the same way as a Longitude 
by the Sun and Chronometer problem. The elements 
required are the star's True Altitude, its Declination and 
thence its Polar Distance, its Eight Ascension, and the 
Right Ascension of the Mean Sun. 

The difference between a Star Chronometer and a Sun 
Chronometer problem comes in after you have found the 
Bodies* Westerly Hour Angle. In the case of the Sun, 
the Westerly Hour Angle is Apparent Time at Ship, and 
to get Mean Time at Ship you apply the Equation of 
Time to it; in the case of a star the Westerly Hour 
Angle is merely the Polar Angle West, and in order to 
get Mean Time at Ship from it you must add the star's 
Right Ascension, which gives you the Right Ascension of 
the Meridian, and from the Right Ascension of the 
Meridian you must deduct the Right Ascension of the 
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Mean Sun, which gives you Mean Time at Ship. The 
following diagram makes this clear, I think, but don't be 
deluded into taking the hours as meaning hours of time 
as represented on the dial of a clock. They are hours of 
Eight Ascension. 

Fio. 87 

II ± 

IV 




In diagram No. 87, constructed on the plane of the 
Equinoctial, let p be the North Pole, z the Zenith, p m 
the Meridian of the observer whose Zenith is z, x a 
Heavenly Body, m the Mean Sun, and a the first Point 
of Aries ; then p z is the Colatitude, z x the Zenith 
Distance of x, and px is that Body's Polar Distance. 
By the solution of the spherical triangle x p z, the angle 
at P — X p z — is obtained, which is the Hour Angle of x, 
and is equal to the arc of the Equinoctial m D ; 7?i m is 
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M. T. S. ; xm is E. A. M. ; and a d is the B. A. of the 
Body X. From the Nautical Almanac A m and A d are 
known, D m has been found, and by adding a d and d m 
together, the arc a d m is obtained ; from this arc deduct 
A m, and M m or M. T. S. is ascertained. 

To work a Star Chronometer Problem. — Proceed thus : 
Correct Observed Altitude for Index Error, Dip, and 
Eefraction, and so get True Altitude. Look for your 
star under ' Mean Places of Stars ' in the Almanac, and 
find its Eight Ascension. Then look for that Eight 
Ascension in 'Apparent Places of Stars,* and you will 
find your star. Take out its Eight Ascension and Declina- 
tion—a star being a simple and unsophisticated creature. 
Eight Ascension and Declination need no correction. 
Take the Declination from 90**, and so get the Polar 
Distance. Take out Sidereal Time (Eight Ascension 
of the Mean Sun) for the day of your observation from, 
the Almanac, and accelerate it for the Greenwich date of 
your observation (the time elapsed since Greenwich noon.) 
Then find the star's Hour Angle in the same way as you 
would the Sun's Hour Angle, namely. Altitude, Latitude, 
Polar Distance, Sum, Half Sum, Eemainder, Secant, 
Cosecant, Cosine, Sine — you remember the formula. If 
the star is West of the Meridian you have its Westerly 
Hour Angle ; but if the star is East of the Meridian you 
must deduct the Hour Angle from 24 hours to get the 
Westerly Hour Angle. Then to the Westerly Hour Angle 
add the star's Eight Ascension, and so get the Eight 
Ascension of the Meridian, and from the Eight Ascension 
of the Meridian, with 24 hours added if necessary, deduct 
the Eight Ascension of the Mean Sun, and, if it is less than 
24 hours, you have Mean Time at Ship ; but if it amounts 
to more than 24 hours take 24 from it, and the result is 
Mean Time at Ship. Compare Mean Time at Ship with 
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Mean Time at Greenwich, as shown on your Chronometer, 
and the difference is the Longitude in Time West if Green- 
wich time is the greater. East if Greenwich time is the 
lesser. Turn Longitude in Time into arc, and there you 
are. Of course the time shown on your Chronometer 
must be corrected for error, as has been thoroughly ex- 
plained in a Sun Chronometer Longitude problem in 
Vol. I., on p. 297. 

Here is how the proDlem looks in skeleton form : 



Obs. Alt. 
Dip . 

App. Alt. 
Refr.. 

Tr. Alt. 
Lat. . 
P. D.. 



Dec. R. A. 

'-— R. A. M. 



Sec . 

Coaeo 



2)-~ 



J Sum . Cos . 

Remainder Sin . h « • 

Log. H. A. ^^ = 

R.A.* . 



R. A. Mer. . 

R. A. M. 

M. T. S. . 

The star's Polar or Hour Angle is, it will be seen, 
found in precisely the same way that the Sun's Hour or 
Polar Angle is found. In finding Longitude by a star 
there is, therefore, nothing new to remember, except that 
you have to add the Eight Ascension of the star to its 
Hour Angle to find the Eight Ascension of the Meridian, 
and then have to deduct the Eight Ascension of the Mean 
Sun from the Eight Ascension of the Meridian to get 
Mean Time at Ship. 

If you like to find the star's Hour Angle by the 
second of the two methods given for finding the Sun's 
Hour Angle, by all means do so. Here it is again : 
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Lat. 
Dec. 


+ Z. 

-z. 


D. 
D. 








Seo . 
Sec . 

iHav 

}Hay 

vH.A. 


B. A. . 
B. A. Mer. . 
B. A. M. 
M. T. S. 


h 


- 




Mer. Z. D. 
Z.D. 










Mer.Z.D. 
Mer. Z.D. 


Log. 


Ha 


■ 




— 


— 


— 



Here is an example : 

1898, February 28th, at about 4 h. 26 m. A.M., in Lat. 
41^ 10' N, Long. D. E. 34° 14' W, when a Chronometer 
showed 6 h. 40 m. 26 s., whose error on M. T. G. was slow 
3 m. 4 s., the Obs. Alt. of Regulus (W of Mer.) was 
20° 13' 10", I. E. + 1' 10", Height of Eye 26 feet. 
Bequired the Longitude. 



Ship Time 27th . 16»» 26- 0« B.A.M.027th22'' 29" 
Long, in T. . . 2 16 56 Ace. 18^ 2 

1 ^ Jn_ 


'21-68- 

67-42 

706 

•08 


, Greenwich ' 


r. 27th 18 42 

e . 6»'40- 
T.G. 3 

th . 18 43 


^® 80* . 


Chron. Tim 
1 Error on M. 

M. T. G. 27 


26* Corrected . 22 82 

— Begulns. 
30B.A.10»'2-69-3'(N.A. 


26-24 
p. 397) 


Obs. Alt 
LE. 


. 20° 13' 10" 

+ 1'10" 


Dec. 12° 27' 43" N 
90° 0' 0" 




Dip 

Bef. 
Tr.Alt. 
Lat. 
P.D. 

; 


20° 14' 20" 

6' 1" 

20° 9' 19" 

2' 37" 

. 20° 6' 42" 

. 41° 10' 0" 

. 77° 82' 17" 

138° 48' 69" 


P.D. 77° 32' 17" 

Sec . -123322 
Ck>8ec *010356 






69° 24' 80" 


Cos . 9-646179 






49° 17' 48" 


Sin . 9-879724 






Star's H. A. 


Log. . 9-669580 






Star's H. A 
Star's R. A 


. . 4»»56»16-5* 
. . 10 2 59-3 






B. A. Mer. 
B. A. M. 


. 14 69 14-8 
1 . 22 82 26-2 






M. T. S. 27th 16 26 48-6 
M. T. G. 27th 18 43 30 






Long, in T. 


. 2 16 41-4 






Long. 


34° 10' 21" W 
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Latitude by an Ex-Meridian of a Star 

(Required for First Mate's Certificate) 

Latitude can be found by an Ex-Meridian Altitude of 
a fixed star in precisely the same way as by an Ex- 
Meridian of the Sun, only remember that in the case of 
stars you have nothing whatever to do with Noon. You 
have to do with Noon when working an Ex-Meridian of 
the Sun, because we call it * Noon ' when the Sun is on 
the Meridian, therefore his Polar Angle, the angle he 
makes with the Meridian of the Observer, is time from 
noon. But the Polar Angle of any other Heavenly Body — 
the angle it makes with the Meridian — has nothing to 
do with Noon — it is simply the Polar Angle between the 
Eight Ascension circle of the Body and the Right Ascen- 
sion of the Meridian of the Observer ; but it shows the 
time the Body is off the Meridian. 

To work an Ex-Meridian of a star. — Note the time of 
taking the Altitude as shown by your Chronometer. Find 
Mean Time at Greenwich by applying the correction for 
error of the Chronometer, and find Mean Time at Ship by 
applying your Longitude in Time. Find the Eight Ascen- 
sion of the Mean Sun and accelerate it for your Greenwich 
date ; and then take out the Eight Ascension of the star 
for the nearest day from the Nautical Almanac. To Mean 
Time at Ship add the Eight Ascension of the Mean Sun. 
The result is the Eight Ascension of the Meridian. From 
the Eight Ascension of the Meridian deduct the Eight 
Ascension of the star, and the result is the star's Polar 
Angle. Then proceed with the same formula prescribed 
m Vol. I. p. 345 for obtaining Latitude by an Ex-Meridian 
of the Sun. 
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The following diagram will show how a star's Polar 
Angle is derived from a knowledge of Mean Time at 
Ship. 

Fig. 88 




Diagram 88 is drawn on the plane of the Equinoctial, 
p is the Pole ; p m is the Meridian : the position of the 
Mean Smi ; a the First Point of Aries ; and « is a Star. 
M is the Westerly Horn: Angle of the Mean Sun, i.e. 
Mean Time at Ship ; a is the Eight Ascension of the 
Mean Sun; ar is the Right Ascension of the Star. 
A0 + 0M = AM = Right Ascension of Meridian ; A m 
— A R =s R M = Westerly Hour Angle of the Star. 
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Planet 



The Chronometer and Ex-Meridian problems are 
worked in precisely the same way when a Planet instead 
of a fixed star is observed, with the exception that, 
in the case of a Planet, changes in Declination and Right 
Ascension are pretty rapid, and allowance must be made 
for them. To do so* proceed thus : 

Take out the Planet's Right Ascension and Declina- 
tion, for the noon preceding and the noon succeeding the 
Greenwich date of your observation, from the pages in 
the Nautical Almanac headed 'Mean Time* under the 
Planet's name. Take the difference between the two 
Right Ascensions, multiply the difference by the excess of 
the Greenwich date of your observation above Greenwich 
noon, divide the result by 24, and you will have' the 
change in Right Ascension due to the Greenwich date of 
observation. The correction thus found is to be added to 
the Right Ascension taken out of the Almanac for the 
preceding noon, if the Right Ascension is increasing, and 
is to be deducted from it if the Right Ascension is 
decreasing. Treat Declination in the same way, adding 
or deducting it. 

Those are all the corrections really necessary to 
be made, for though some Planets show appreciable 
diameter and the Globe has in reference to them appreci- 
able Horizontal Parallax, the amounts are too small to 
have any value in Nautical Astronomy, and may be dis- 
carded — he would be a wonderful man who could 
distinguish between the upper or lower limb even of 
Venus with a sextant. Nevertheless, these minor correc- 
tions are included in the following examples, for superla- 
tive accuracy may have value in the Examination Room. 
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1898, May 6th, at about 8.5 p.m., in Lat. 54^ 26' N, 
Long. D. E. 14° 20' W, when a Chronometer showed 
9 h. 1 m. 30 s., whose error on M. T. G. was 50 s. slow, the 
Obs. Alt. of Venus L. L. (W. of Mer.) was IV 19' 30", 
I. E. + 1' 40", Height of Eye 21 feet. Eequired the 
Longitude. 



R. A. 
16- 4312* 
20 62-74 I 



Ship Time 6th 
Long, in Time 



8* 6-0* 
57 20 



R. A. of Venufl on 6th 4'' 16- 43-12- 
1 66-62 



6 
60 



9-62 I Greeniwioh Time 9 2 20 



309*62 
904 

123848 
278668 

12)2798-9648 

2)233-25 

60)116-62 



9021" 
9-04 



36084 
81189 

12 )8164-984 

2)679-6 

60)339*8 

6' 39-8" 



Chron. . 9*' 1- 30- 
Error . 60 

M. T. G. 6th 9 2 20 



at Sights 4 17 3974 



Dec. o£ VenuB on 6th 21° 47' 48-5" N 
5' 39-8" 



1 5a-62 
Deo. 
21° 47' 48-5" 
22° 2' 50-6" 

6° 16' 2-1" 
60 



R. A. M. O on 6th 2>' 57" 27-33- 

Acceleration for 9>' 1 28-71 

„ 2- -33 

„ 20- -05 

R.A.M.0atSight8 2 

Obs. Alt. Yenns 
LE. 

Dip . 

S..D. 

Bef. . 

Par . 



At Sights . 21° 53' 28-3" N 
90° 0' 0" 



P.D. 



. 68° 6' 32" 



2 58 56-42 




snos 11° 


19' 


30" 




+ 1' 


40" 


11° 


21' 


10" 




4' 


31" 


11° 


16' 


39" 

5" 


11° 


16' 


44" 




4' 


45" 


11° 


11' 


69" 
6" 



Tr.Alt. . 

Lat. . 

P. D. . . 


11° 
64° 

68° 


12' 

26' 

6' 


4" 

0" Sec . -236338 
32" Cosec -032601 




133° 


44' 


36" 




66° 


62' 


18" CJos . 9-694162 




66° 


40' 

1 


14" Sin . 9-916879 
Log. H. A. = 9-778880 


Venus H. A. 
„ R. A. 






. 6" 46" 37-2- 
. 4 17 39-7 


R.A.Mer. 
R. A. M. O 






. 11 4 16-9 
, 2 58 56-4 


M. T. S. 6th 
M. T. G. 6th 






. 8 5 20-6 
. 9 2 20 


Long, in T. 






. 56 69-6 


Long. 14° 


14' 62" W 



Digitized by V3OOQ IC 



74 



STELLAR NAVIGATION 



1898, December 16th, at about 3.30 a.m. in Lat. D. E. 
51° 18' N, and Long. 162° 21' W, the Obs. Alt. of MarsL. L. 
near the Meridian, bearing South, was 59° 34' 30", I. E. 
— 1' 10", Height of Eye 17 feet, when a Chronometer 
showed 2 h. 19 m. 36 s. whose error on M. T. G. was 58 s. 
slow. Eequired the Latitude by Eeduction to the Meridian. 



R.A. 
50-24 

28-84 


Ship Time 15th 15" 30- 0- R. A. M. on 16th l?" 40- 35-88- 
Long, in T. . 10 49 24 Acceleration for 2»» 1971 


21-4 
2-36 


Greenwich T. 16th 2 19 24 " 


„ 20- 3-29 
„ 34- 09 


1070 






R. A. M. Oat Sights 17 40 58-97 


642 

428 


Chron. . 
Error 

M. T. G. 


. 2'* 19-36- 
58 

16th 2 20 34 


R. A. of Mars 


on 16th S" 46- 50-2' 
21 


12 ) 60-290 


8 46 48-1 


2 ) 419 


Long, in 


T. . 10 49 24 






21 


M. T. S. 


15th 15 31 10 


Dec. of Mara 


on 16th 21° 19' 12-3" 


Dec. 
19' 12-3" 
23' 23-5" 


Obs. Alt. 


. 59° 35' 0" 




24-6" 
21° 19' 36-9" N 


4' 11-2" 


LE. 


-1' 10" 


M. T. S. . 15>' 31- 10- 


60 




59° 33' 50" 


R. A. M. 17 


40 59 


251-2 
2-35 


Dip . 
' S.-D. 


4' 4" 

59° 29' 46" 
6" 

59° 29' 62" 
34" 


R. A. Mer. 9 
•R.A. .8 


12 9 

46 48 


12660 
7536 


•H. A. .0 
Lat. . . 51 


25 21 Log. 7-485088 
18 N Cos 9-796049 


5024 


Ref.. 


Dec. . . 21 


19 37 N Cob 9-969192 


12 ) 590-320 


1 
I 


59° 29' 18" 


29 


58 23 Cosec -301383 


2 ) 49-2 


Par. 


4" 




Sin . 7-551712 


24-6" 


Tr. Alt. . 69° 29' 22" 
Reduction 24' 30" 




12' 15" 




Red, T. A. 59° 53' 52" S 
90° 0' 0" 


Reduction 24' 30" 




Z. D. 


. 30° 6' 8" N 








Dec. 


. 21° 19' 37" N 








Lat.. 


. 51° 25' 45" N 
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The Moon 



So much for fixed stars and Planets ; they are tolerably 
reliable, and require but few corrections, but the Moon is 
a much more precarious person. She shifts about with 
great rapidity, and many corrections are required to get 
her * elements ' into proper shape. It will be well to 
explain how these corrections are made before working 
any problems connected with the Moon. 

Her Bight Ascension, which is always increasing, and 
her Declination will be found in the Nautical Almanac for 
every hour of every day, with the variation in ten minutes. 

To find the Bight Ascension of the Moon for the 
Crreenwich date of an observation. — Take out the Eight 
Ascension for the hour of your Greenwich date. Take out 
also the variation in the one ten minutes appropriate to 
that hour. Multiply the variation in that one ten minutes 
by the excess over ten minutes of your Greenwich date, 
or by what your Greenwich date lacks of ten minutes, as 
the case may require. This is a simple process. If your 
date contains an excess over ten minutes, introduce a 
decimal point and multiply. Suppose you have fifteen 
minutes ; fifteen minutes is one ten minutes and half of 
ten minutes, or 1*5. Eighteen minutes will equally be 
represented by 1*8, 24 minutes by 2*4, and so on. If your 
date gives you something less than ten minutes, prefix a 
decimal point to it and multiply. Suppose you had five 
minutes ; five minutes is half of one ten minutes, or '5 ; 
eight minutes will be equally as well expressed by -8, and so 
on. Then having multiplied the variation in ten minutes 
by what your date is in excess of or is less than ten 
minutes, add the result to the Eight Ascension taken out 
for the hour, and you have the Eight Ascension proper to 
your Greenwich date. Declination is to be treated in 
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exactly the same way, and requires no further explanation. 
Here are a couple of examples : 

1898, M. T. G. May 3rd, 2 h. 44 m. 18 s. Find the 
correct R. A. and Declination of the Moon. 



Var. in 10- 
44-18'= . 



21163- 
4-43 



Moon's B. A. at 2^ . 12>' 17- 28-38' increasing 



1 83-75 



12 19 213 



21163* X 4-43 

Moon's B. A. corr. ] 
for M. T. G. J 

Moon's Dec. at 2'' . 
144-42" X 4-48 , 



^'T^l^T.'S!"'} 7° 26' 68.6" S 



7° 15' 18-7" S increasing 
10' 39-8" 



63489 
84652 
84652 

60)93-75209 

133-75 

Var. in 10- 144-42" 
44-18'= . 4-43 

43326~ 
57768 
67768 

60)639^806 

10' 39-8" , 

1898, M. T. G. November 21st, 16 h. 34 m. 46 s. Find 
the corrected R. A. and Declination of the Moon. 



Moon's B. A. at lO"* 23'» 9- 45-28" increasing 
20-422' X 3-48= 1 1107 



I 



Moon's B. A. corr. | ^o in k«.or 

for M. T. G. I ^^ ^" ^^^ 

Moon's Dec. at 16^ 0^ 8' 12-1" S decreasing 
141-54" X 3-48= . 8' 12-6" 

Moon's Dec. corr. 
for M. T. G. 



O'O' 0-5"N 



Var in 10- 20-422* 
34-46'=. 3-48 

168376 
81688 
61266 

60 ) 7H)6866 

~1 1^07 

Var in 10- 141-54' 
84-46*- . 3-48 

113232 
56616 
42462 

60)492-5592 

8' 12-6"i 

Horizontal Parallax and Semi-Diameter must also be 
corrected, because the Moon is so near the Earth that her 
Semi-Diameter varies according to her Altitude, being 
greater if the Moon is high, and consequently nearer to 
an Observer than it is when she is low, and consequently 



Digitized by 



Google 



STELLAR NAVIGATION 



77 



further from him ; and the Semi-Diameter of the Earth- 
that is the Semi-Diameter which consists of the radius 
drawn from the Observer to the centre of the Earth — 
subtends an angle at the Moon's centre, which angle varies 
according to the Latitude, owing to the fact that the Earth 
is not a perfect sphere. 

And Parallax must also, unless the Moon is on the 
Horizon and unobservable, be converted from Horizontal 
Parallax to Parallax in Altitude. Horizontal Parallax is 
the angle subtended at the Moon's centre when on the 
Horizon by the radius of the Earth between the Observer 
and the centre of the Earth. Parallax in Altitude is the 
angle subtended by the same radius when the Moon is 
above the Horizon, and decreases proportionately to the 
Altitude, disappearing altogether when she is in the 
Zenith. The following diagram will show this : 

Let A be the 
centre of the Earth, 
and B the position 
of an Observer. Let 
c, D, B, z represent 
the Moon in four 
different positions, 
at z at the Zenith, 
at c on the Horizon, 
and at E and d at 
intermediate posi- 
tions. Parallax in 
Altitude is the angle 
subtended by A B. 
At z there is no angle, at E it is the angle a e B, at d it is 
the angle ad B, and at c it is the angle AC b. The angle 
ACB is the Horizontal Parallax, adb is less than this, 
and A E b is less than adb. 



Fig. 89 
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Fig. 89 



The same diagram will also serve to show the change 
in the Moon's Semi-Diameter due to the Altitude of the 
Moon. A c and a z, being radii of the same circle, are 
equal to one another. BZ is shorter than AZ by the 

Semi-Diameter of 
the Earth a B. b z 
is therefore shorter 
than AC by the 
same amount. Afe 
the Moon is at her 
greatest distance 
from B when she 
is on c, and at her 
shortest distance 
from B when she is 
at z, and as conse- 
quently her Semi- 
Diameter appears 
smallest when at c, and biggest when at z, it follows that 
her Semi-Diameter increases in proportion to her Altitude 
above the Horizon. 

To make these corrections, — Look out the Moon's 
Semi-Diameter on page III. of the Almanac for noon or 
midnight, whichever is nearest to the Greenwich date of 
your observation. Take also the Semi-Diameter for the 
succeeding or preceding midnight or noon, so that your 
Greenwich date falls between noon and midnight, or 
between midnight and noon. Take the difference between 
the two Semi-Diameters, and multiply that difference by the 
difference in time between the Greenwich date of your 
observation and the noon or midnight the Semi-Diameter 
for which you propose to correct. Divide the product by 
12, and the result is the correction to be added to or taken 
from the Semi-Diameter according to whether it is 
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increasing or decreasing. To this corrected Semi-Diameter 
add the augmentation due to Apparent Altitude (Table D)i 
and your Semi-Diameter is at last perfectly correct. 

Horizontal Parallax is treated in precisely the same 
way, but remember that the reduction for Latitude (Table 
E) is always to be subtracted from the corrected 
Horizontal Parallax. 

Now for Parallax in Altitude. The corrections applic- 
able to Apparent Altitude for Parallax in Altitude and 
for Eefraction are taken out together from Table XXX. 
Look at the left-hand pages of Table XXX., and 
you will find Apparent Altitude in the left-hand colmnn 
given in degrees and minutes, and Horizontal Parallax at 
the top of the page given in minutes of arc. Find your 
Apparent Altitude to the nearest less ten minutes ; follow 
that along to the right till you come to the column 
containing the nearest minute of your Horizontal Parallax, 
and take out the number there found. Write this under 
your Apparent Altitude. Then if you have any seconds of 
Parallax over you will find the allowance to be made for 
them on the right of the page under * Add for sec. of Par.' 
and if you have any minutes of Altitude over, you will find 
the allowance due to them in the extreme right-hand 
column under the heading * Add for minutes of Alt.' All 
these allowances are to be added to Apparent Altitude, and 
the result is True Altitude. The method of using the 
table can be made clearer by example than by any other 
means. Suppose 40"* 10' 0" is the Apparent Altitude, and 
59' 0" the H. P. On page 300, Table XXX, with 
40** 10' at the side and 59' at the top, you will find 43' 48", 
which is the Parallax in Altitude less Eefraction, to be 
added to Apparent Altitude. 

Suppose again Apparent Altitude is 40° 15', and 
Horizontal Parallax 59' 10". With 40^ 10', which is the 



Digitized by 



Google 



80 STELLAR NAVIGATION 

next less ten minutes to 40° 15' at the side, and 59' at 
the top, you will find 43' 48". To this must be added the 
allowance for 10" of Horizontal Parallax. Look in the 
left hand column of those headed * Add for sec. of Par.' 
in the block opposite Apparent Altitude, and in the column 
headed 0" first from the left under 'Add for sec. of 
Par.' you will find 8" to be added to 43' 48". The allow- 
ance for the odd minutes of Altitude must also be made. 
This will be found in the right-hand column of all, under 
'Add for minutes of Alt.' In the block opposite the 
Apparent Altitude and opposite 5' you will find 7", which 
is also to be added to 43' 48". 

One other example. Suppose the nearest Altitude is 
40° 23', and the Horizontal Parallax 59' 26". With 
40° 20' Apparent Altitude and 59' Horizontal Parallax, the 
allowance is 43' 41". Follow 20" in the left-hand column 
under *Add for Sec. of Par.' to the right, and under 6" at 
the top will be found 20", the allowance due to the 26" of 
Horizontal Parallax, and the allowance for the odd 3' of 
Altitude is 8", and will be found as in the previous examples. 

In the First Case 

App. Alt 40° 10' 

Parallax in Altitude - Befraction .... 48' 4 8" 

True Altitude 40° 63' 48" 

In the Second Case 

App. Alt 40° 16' 

First Allowance for 40° App. Alt. and 69' H. P. . 43' 48" 

Second Allowance for 10" H. P 8" 

Third Allowance for 6' of App. Alt. ... 7^' 

True Altitude 40° 69' 3" 

In the Third Case 

App. Alt 40° 28' 

First Allowance for App. Alt. 40° 20' and H. P. 69' 43' 41" 

Second Allowance for 26" of H. P 20" 

Third AUowance for 3' of App. Alt. ... 8" 

True Altitude 41° 7' 9'' 

It may be advantageous here to show by an example 
all the corrections applicable to the Moon in finding time 
by an Altitude of that disagreeable body. 
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August 23rd, 1898, p.m. at Ship, in Latitude 51^ 47' N, 
and Longitude 7** 30' W, when a Chronometer showed 
5 h. 10 m. 30 8. which was 5 m. 69 s. fast on M. T. G., 
the Observed Altitude of the Moon's Lower Limb was 
16° 7' 30", Index Error + 1' 15", Height of the Eye 10 ft. 



H 8. D. at Noon . 16' 60-6" 
> S. D. Midnight . 16' 66-3" 

61 



X by Time from 1 
Greenwich Noon / 



47 
236 



12)23-97"j 

Change in 6-l'» i-99^ 

Practically 2" 

}) H. P. at Noon . 68' 2-9" 
H. P. Midnight . 58' 19-8" 

16-9" 
X by Time from 1 g • 
Greenwich Noon j 

1l69 
846 

12)8619" 

Change in 5.1»' "7-18" 

Practically 7-2" 

Var. in > B. A. in 

10 min . . . 23'6» 
X by *4 (4 min.) . . -4 

Var. in 4 min. . . 9'40' 



Chronometer showed . 6 10 20 
Error of Chronometer . 6 69 

M. T. G. on August 23 . 6 4 21 

D S. D. at Noon . . 16' 60-6" 
Change of S. D. in 6*1 hr. 1 an 

-I- (S. D. increasing) J 

16' 62-6'' 
Augmentation (Table D) . 4*7" 

J> S. D. at Time of Obs. . 15' 67^' 

H. P. at Noon . . .68' 2-9" 
Change of H. P. in 61 hr. ] -,„»» 

+ (H. P. increasing) J 

68^0-1" 
Reduction for nearest Lat. 
62° and H. P. 68' 

H. P. at time of Obs. . 



7-2" 



68' 2-9" 



» B. A. at 6 hr. . . 14 47 46*2 

Var. in 4 min. + (B. A. 1 g. . 
increasing) j 

D B. A. at Time of Obs. 14 47 64-6 



). Dec. at 6 hr. . . 20° 63' 61-2" S 
Var. in 4 min. + (Dec. I 84»8" 

increasing) J 

D Dec. at Time of Obs. 20° 54' 2^^ 



Obs. Alt. 1 
I.E. 



Var. in D Dec. in 

10 min. . 
X by *4 (4 min.) . 

Var. in 4 min. . 



VOL. II. 



87" 
•4 

34-8" 



Dip for 10 feet. 



D S. D. . 

App. Alt. . 
Par. in Alt. 



}) True Alt. 



16° 7' 30" 
+ 1' 16" 

16° 8^6" 
-8' 5" 

16° 5^40" 
+ 16' 67" 



16° 21' 


37" 


+ 62' 


17" 


+ 0' 


1" 


+ 0' 


10" 



17° 14' 6" 
G 
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Latitude by a Meridian Altitude of the Moon 

(Latitude by Meridian Altitude of the Moon is required 
for the Ordinary Master's Certificate,) 

Remember that if Latitude by D. R. is not given, you 
must find a Latitude from the approximate Altitude in 
order to reduce Horizontal Parallax. 

Some slight difficulties exist in connection with this 
problem. The first consists of the fact that whereas the 
time of the Moon's Meridian passage at Greenwich is 
given for every day in the Nautical Almanac, it does not 
follow that the time at which she crosses any other 
Meridian on that day is the Greenwich time of transit, 
plus or minus the Longitude in Tim^. The Moon is an 
erratic body. She lags behind the Sun on account of her 
proper motion. If, for instance, she crosses the Meridian 
of Greenwich at 10 hours, it will not be 16 hours at 
Greenwich, but it will be about 16 hours and 15 minutes 
when she crosses the Meridian of an observer six hours 
West of Greenwich. And it will not be 4 hours, but it 
will be about 3 hours and 45 minutes when she crosses 
the Meridian of an observer 6 hours East of Green- 
wich. 

The second difficulty is, that owing to the Moon's 
rapid motion it is necessary that the Greenwich date of 
her passage of the Meridian of an observer should be very 
accurately fixed in order that her Declination may be 
properly corrected. It will not do to find the Greenwich 
date by taking the time shown by your Chronometer^ 
which the Moon attains her greatest Altitude by 
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observation, for the best observer may be out 5 or 6 
minutes or more in time when he marks the Moon 
to be on the Meridian, particularly if she has a low Alti- 
tude, and 5 or 6 minutes' error in time in the Greenwich 
date may involve 2 minutes* error of arc in the Declination, 
and 2 minutes of arc error in Declination means 2 miles' 
error in Latitude. You must therefore find the exact 
time at Greenwich of the Moon's passage of your Meridian 
by means of the Nautical Almanac and Table XVI. 
Having the exact Greenwich date at which the Moon 
crosses your Meridian, you can get her exact Declination, 
which is very important ; it is true you may be out a few 
seconds of arc in your Altitude, but that will have no 
appreciable effect upon the Latitude. 

To find the date of the Moon's Transit. — Proceed 
thus : If in West Longitude, take out of page IV. of 
the Nautical Almanac the time of the Moon's upper 
Meridian passage for the day and the day after. Find 
the difference between these two dates. Enter Table 
XVI. with this difference at the top, and your longi- 
tude to the nearest 10^ at the side, and take out the 
corresponding allowance. Add this allowance to the 
time of the Moon's Meridian passage at Greenwich for 
the day, and you have the Mean Time at Ship of the Moon's 
passage of your Meridian. To this apply your Longitude 
in Time, which gives you the Mean Time at Greenwich 
at which the Moon was on your Meridian. Correct her 
Declination for that date. 

If you are in East Longitude, take out the time of the 
upper Meridian passage at Greenwich for the day and the 
day before. Find the difference as before, and deduct the 
allowance taken out of Table XVI. 

^ Then proceed exactly as in finding Latitude by a 
Meridian Altitude of the Sun. • Here is an example : 

c» 2 
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1898, September 5th, in Longitude 85** 17' E, the Obs. 
Mer. Alt. A was SS** 18' 40", bearing North, I. E. + 1' 30", 
Height of Eye 18 feet. Eequired the Latitude. 



1> S.-D. 
16' 2612" Noon 
16' 19-82" Mid. 



)) Mer. Passage 4th 16*' 30- 80- 
3rd 14 41 42 



At 9" 



D Dee. 

. 18<» 28' 36-7" N 
6' 7-3" 



0' 6-3" 
9'»38- = 9-63 



6778 
12 ) 60-66 9 ! 

606 i 

1)H.P. 
66' 8308" Noon 
66' 1001 " Mid. 

2307'"' 
^•63 

6921 
13842 
20763 

12 ) 2221641 

18-61" 

)> Dec. 
Var. in 10- 96-66"| 
88- = 3-8 I 

77820 ' 
28996 I 

60 ) 367^270" 
6' 7-3"' 
To find Approz. Lat< 
Approx. Alt. 32t^N 

„ Z. D. 67*** S 
„ Deo. 18}° N 

„ Lat. 38}° S 



Difference . 

D Mer. Passage 4th . 16'^ 80- 30- 
Long in T.. . . 6 41 8 

I 9 49 22 

Long. 86° E, Diff. 49- -11 

M. T. G. 4th . . 9 38 22 



48 48 At Sights IS^ 34' 44" N 



Corr. 



Aug. 



> S.-D. 
16' 26-1". 
5-1" 

15' 21-2" 
^9;9^ 

16' 311' 



)) H. P. 
66' 881" 
Corr. 1 8-66" 

66' 14-6" 
Red. 4-2" 

66' 10-4" 



Ohs. Mer. Alt. 
LE.. 

Dip. . 



. 82° 18' 40" N 
. + 1' 3 0" 

82° 20' 10" 
. _ 4' 11 " 

32° 16' 69" 
16' 31" 



S.-D. 

Ap. Alt. . 32° 81' 30" 

Par. in Alt. 45' 43" 

10" 



Tr. Alt. 

Z. D. 
Dec. 

Lat . 



. 33° 17' 28" 
90° 0' 0" 

. 66° 42' 37" S 
. 18° 34' 44" N 

.38° 7'53"S 



Longitude by a Moon Chronometer, and Latitude by 
a Moon Ex-Meridian, are worked precisely in the same 
way as in the case of a star or planet. The only thing to 
remember is that in dealing with the Moon you must be 
extra particular in finding the Greenwich date of obser- 
vation, and in making the various corrections, otherwise 
results will be seriously inaccurate. Here is an example 
of each problem : 
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. 1898, July 26th, p.m. at Ship, in Lat. 43** 22' S, when 
the time by Chronometer was on the 26th 16 h. 18 m. 10 s., 
whose error on M. T. G. was 2 m. 24 s. fast, the Obs. 
Alt. A W of Mer. was 25° 13' 0", I. E. -1' 30", Height 
of Eye 19 feet. Eequired the Longitude by Chronometer. 



D S.-D. 
16' 55-98" 
16' 2-86 

6^38 
4*25 

3190 
1276 
2552 

12)271150 

2-26 

Ji)H.P. 
58' 22-49" 
58 45-86 

4-25 

11^ 
4674 
9348 

12 )99-3225 

~ 8-28 

}>B.A. 
28-464- 
1*58 



187712 
117320 
28464 



87-07812 

}) Dec. 
96-54" 
1-58 

77282 
48270 
9654 

60)152-5322 

2' 32-5" 



T.byChron.26th le'^ 18- 10- 
Error - 2 24 

M. T. G. 26th 



16 15 46 



)> S..D 
15' 55-98" 
2-26" 

15' 58-24" 
Aug. 7" 



R.A.M.0 
S** 16- 48-48- 
2 37-7 
2*46 
•18 

8^19~28-77 



16' 5" 



3)R.A. 
W 80- 50-27 
3707 

14^31 27^ 



}) H.P. 
58' 22-49" 
8-28" 

58' 30-77" 
Bed. 5-6 

58^26''"" 

}) Dec. 
19^ 56' IM" 8 
2' 82-5" 



19° 58*' 43-6" 8 
90*^ 0' 0" 

P.D. .7b^~l'i6^' 



ObB. Alt. 25° 18' 0" 



L£ 



Dip. 



- 1'30" 

25° 11' 30" 

4' 16" 



26° 



7' 14" 
16' 5" 



S.-D. 

Ap. Alt. 25° 23' 19" 

P. - R. 60' 15" 

23" 

9" 

Tr. Alt. 26° 14' 6" 

Lat. . 48° 22' 0" Sec . 

P. D. . 70° 1' 16" Ck)8eo 



•188481 
•026952 



139° 87' 22" 



69° 48' 41" Cos . 9-587969 

43° 84' 35 " Sin . 9-888428 

~~ Log. H. A. = 9-541816 



1>H.A. . 4M9- 
})R.A. . 14 31 


18-0- 
27-3 


R. A. Mer. . 19 20 
R. A. M. . 8 19 


45-3 
28-8 


M.T.S.26thll 1 
M.T.G.26th 16 15 


16-6 
46-0 



Long, in T. 
Longitude 



6 14 29-5 
78° 37' 22" W 
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1898, November 6th, a.m. at Ship, in Lat. D. E. 
40° 11' N, Long. 167° 47' W, when M. T. G. by Chrono- 
meter was on the 6th 4 h. 45 m. 28 e.f the Obs. Alt. 2. was 
62^ 26' 0" near the Meridian, I. E. + 1' 25", Height of 
Eye 17 feet. Eequired the Latitude by Keduction to the 
Meridian. 



}) 8.-D. 
14' 52-59" 
14 55-67 

808 

4-8 

2464 
1283 

12)14-784 

1-28 
)) H.P. 
64' 80-21" 
54 41-52 

11-31 

4-8 

9048 
4524 

12 )"64'288 

4-52 
J)R. A 
19'16- 
4-55 
9675 
9676 
7660 

60 )'87a326 

1-~2718- 

1^ Dec. 
108" 
4-55 

"640 
540 
432 



60 ) 491-40 
"S' 11-4" 



3) S.-D. 
M.T. G. 6th 4M5-28' 14' 52-69" 
Long in T. . 10 31 8 1-28" 



M. T. S. 5Ui 18 14 20 14' 58-82' 
Aug. 12-8" 

16' 6-6" 



})H.P. 
64' 30-21" 
4-62" 



DB.A 
9»» 6- 18-36- 
1 2713 

9 7 45-49 



R. A M. 


15'» 2- 53-69' 




39-43 




7-89 




•01 


16 8 


40*42 



64' 84-78" 
Red. 4-6" 



]) Dec. 
18^ 82' 48-2" 
8' 11-4" 

18° 24' 86-8"N 



54' 301 3" 



R. A M. O IS"* 3- 40-4- 
M. T. S. . 18 14 20 



R.A. Mer.. 9 18 0-4 
D R. A. .9 7 45-5 



)> H. A. 
Lat. . 
Dec. . 



10 15 Log. . 6-698950 
40«> 11' 0"N Cos . 9-883084 
13° 24' 37"N Cob . 9-987996 

346346 



Mer. Z. D. 26'' 46' 23" Coseo 

i Reduction Sin . 6-916876 



i Reduction O'' 2' 60" 
2 



Reduction . 0° 5' 40" 



Digitized by 



Google 



STELLAR NAVIGATION 



87 



Oba. Alt. 62° 26' 0" 
I. E. . + 1' 26 " 


Dip. . 


62° 27' 25" 

4' 2" 


S.D. 


62° 23' 23" 
16' 7" 


Ap.AU.. 
P.~R. . 

Tr. Alt. . 
Red. . 


62° 38' 30" 

24' 16" 

14" 

3" 

63° 3' 3" 
6' 40" 


RedTr.Alt 


63° 8' 43" 
90° 0' 0" 


Z.D. 
Dec. 


26° 51' 17" 
13° 24' 37" 



Latitude 40° 15' 54" 



Ex- Meridians of Heavenly Bodies below the Pole are 
worked in the same way as in the case of Bodies off the 
Meridian above the Pole, with the following modifications. 
The Body being below the Pole, Latitude and Declination 
must of course be of the same name. In an Ex-Meridian 
above the Pole, you would in that case take the difference 
between Latitude and Declination for the Zenith Distance ; 
but with the Body below the Pole remember to take their 
sum. The 1st Eeduction must of course be deducted from 
the True Altitude, whereas in an Ex-Meridian above the 
Pole it is added ; and the 2nd Eeduction, if any, is to be 
added. To ascertain how far the Body is off the Meridian 
expressed in time, calculate its Hour Angle, and the 
Difference between the Hour Angle and 12 hours is of 
course the time from Lower Transit. 

Here is an example : 

1898, April 23rd, at about h. 23 m. 15 s. a.m., M. T. S., 
in Lat. D. E. 49° 2' S,. Long. 72° 26' E, the Obs. Alt. of 
Achemar near the Meridian under the South Pole was 
ir 36' 50", I. E. -1' 20", Height of Eye 20 feet. Be- 
quired the Latitude by Eeduction to the Meridian. 
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M. T. S. 22nd 
Long, in T. . 
M. T. G. 22nd 



12^ 23' 16" 

40 49> 44/> 

7« 83' 31" 



R. A. M. 
Aocn. 



2^ 



2- 16-57' 

1 900 

5-42 

•09 



M. T. S. 

B. A. Mer. 
« R.A. 

« H. A. 



2 3 
12 23 



3008 
15 



« H. A. . 

Time from M«r. 

Lat. 

Dee . 



106° 47 
^Bed. 0°16' 



1st Bed. 
12'^ 62- 61» 
12 

52 51 Log.. 
49° 2' 0"S Ck)B . 
67° 45 ' 6"S Cofl . 

6" Ck>Beo 

38" s Sin . 



14 26 46 
. 1 3 3 64 

. 12 62 61 

2nd Bed. 
l8t Bed. Sin 



0° 16' 38" 
2 

1st Bed. 0° 33' 16" 

Obs. Alt . 
L E. « 

Dip 

BeL 

Tr. Alt. 
1st Bed. 

2nd Bed. . 

Bed. Tr. Alt. 
P.D. . 

■ Lat. . . 



8-121739 
9*816662 
9-727211 

-018902 

7-684504 



17° 36' 60" 
~1' 20" 

17° 36' 30" 
4' 23" 



Tr. Alt. Tan 
Const. . 

3" = Sin . 

2nd Bed « 



7-9862 
2 

6-9724 
9-4830 
9-6990 

5-1644 

3" 



170 



31' 7" 
2' 69" 



17° 28' 8" 
-33' 16" 

16° 64' 62" 

-h3" 

16° 64' 55" 
32° 14' 66" 



. 49° 9'60"S 

The Double Chronometer Problem worked from two 
Bimultaneous observations is a useful way of finding the 
ship's position. Here is an example : 

1898, May 26th, at about 3 h. 30 m. p.m., in Lat. D. E. 
50° 6' M and Long. D. B. 13° 32' W, when the time by 
Chronometer was on the 26th 4 h. 21 m. 13 s., whose error 
on M. T. G. was slow, 2 m. 46 s., the Obs. Alt. O was 
39° 11' 40", I. E. - 1' 20" ; and at the same moment the 
Obs. Alt. 1 was 61° 19' 0" (E. of Mer.), I. E. + 1' 20", 
Height of Eye 18 feet. Eequired the position of the ship 
by Double Chronometer method. 
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0Dec. 

26-8" 
4.4 



1032 
1032 



60 )118-52 
1' 63-62' 



E.T. 

•27' 
4^4 

108 
108 

1-188 



D S..D. 
14' 64-64" 
14' 68-41 " 

8-77" 
4-4 



1608 
1608 



12 ) 16-5^8 
1-38 

}) H.P. 
64' 37-72" 
64' 61-56" 

13-83" 
4-4 

6532 
5532 

12 )60-8 52 

607 

DRA. 
19-462- 
2-4 

77848 
38924 



46-7088 

1> Deo. 
107-08" 
2-4 

42832 
^1416 

60)266-992 

4' 16-992" 



Time by Chron. 4'» 21- 13- 
Error of Chron. 2 46 

M. T. G. 26th .4 23 59 



©Dec. 
21** 10' 55-6" 

1_68^5" 

2i«>i2'49"N.-3 10 
90° 0' 0' 



E.T. 
3» 11-13- 
1-18 



R. A. M. P. D. 68° 47' 11" 
On 26th 4*' 16- 18-49' 
Aoeel. 4'* 89-43 

Accel. 24- 3-94 



Aug.S.-D.15' 7" Red. H. P. 54' 36' 



4 17 1-86 

D S.D. 
14' 54-64" 
1-38" 



14' 



Aug. 



5602" 
11" 



}) H. P. D R. A. 
54' 37-72" 8'» 66- 196 
507 " 46-7 

64' 42-79" 8 66 48-66 
RecL 6-8" 

J> Deo. 
15° 9' 13-9" 

4' 17" 



15° 
90° 



4' 57"N 
0' 0" 



3) P. D. 74' 55' 3" 



To Correct the Altitudes 



Obfl. Alt. 
I. E.. 

Dip. . 

S.-D. 

Ap. Alt. 
R.-P. 

Tr.Alt 





39° 11' 40" 
-r 20" 

39° 10' 20" 

4' 9" 



39< 



6' 11" 
16' 48" 



39° 21' 69" 
1' 2' 

39° 20' 57" 



Ob8.Alt. . 
L E. . 

Dip. . 

S.-D. 

Ap. Alt. . 
Par. in Alt. 



I Tr.Alt. 



61*" 


19' 


0" 




+ 1' 


20" 


61° 


20' 


20" 




4' 


9" 


5V 


16' 


11" 




15' 


7" 


51° 31' 


18" 




32' 


42" 
22" 

9" 



52° 4' 31" 
To find the Hour Angles and thence the Longitudee 



T. A. Sfi^* W 67" 

Lftt. 6O0 6' W'Sec . 

P. D. 68° 47' 11" Coseo 



•193837 
•030473 



4' 31" 



2)1 58° 14' 8' ^ 

79" 7'_4"C08 .9-275981 
39040; 7" sin . 9'8a59 69 
jA)g. Hor. Angle. 9-306260 



A. T. a 26th 
E.T. 

M.T.B.2etli 
M.T.G.26th 



3»' 33-88' 
- 3 10 



8 30 
4 28 



Long, in T. . 53 81 



I Longitude .13«22' 46"W 



T. A. 62» 

Lftt. 60° 6' 0" 

P. D. 74055^ 8^ ' 

2 )177° 5' 84" 



•192837 
Ooseo -015224 



88° 32' 47" Oog 
36° 28' 16" Sin 
Log. Hor. Angle 



8-404279 
9-77409 2 
8-886432 



}) H.A. 

3) H.A. 

$K.A. 

R.A.Mer. . 
R. A. M. ® . 

H. T. 8. 26th 
M. T. G. 26th 

Long in T. . 

Longitude . 



lMl-49* (B) 

, 22 48 U 
. 8 56 48-7 



7 44 
4 17 

8 27 
4 23 



69-7 

67-8 
59 



66 
14° 0* 



1-2 

18"W 
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Having now got the two Longitudes, the next step is 
to look out in Burdwood's Tables for the True Bearings 
of the Sun and Moon. 

The Sun is, of course, plain sailing, and entering the 
Table with Lat. 50° N, Dec. 21° N, and A. T. S. 
3 h. 34 m. P.M., his True Bearing is found to be N 104^** W, 
or S. 76i° W. 

In utilising Burdwood to find the Moon's Azimuth 
remember that if the Moon is West of Mer. the H. A. 
will correspond with p.m. time ; but if the Moon is East 
of Mer. 12 hours must be deducted from her H. A., and 
the remainder will correspond with a.m. time in the Tables. 
In this problem, therefore, you must enter the Tables 
with Lat. 60° N, Dec. 15° N, and 10 h. 48 m. a.m., that is 
to say the H. A. 22 h. 48 m. 11 s. less 12 h. ; this gives the 
Moon's True Bearing as N 151° E or S 29° E. 

Fio. 90 




In the diagram let a b be the Parallel of 50° 6' N ; let 
m be the position given by the Altitude of the Moon, and 
s that given by the Altitude of the Sun ; the lines of 
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position, M p and s p, drawn at right angles to the True 

Bearings of the Moon and Sun* respectively, show that 

the true position of the ship is at P, their point of inter* 

section ; the Latitude used is therefore too much to the 

Southward, and the Longitude given by the Sun is too 

much to the Eastward, while that given by the Moon is 

too much to the Westward. 

Now, by Johnson's Tables, the position of p can be 

determined in the following manner : 

True Bearings Longitudes Johnson's Tables 

Son S76J*»W 13° 22' 45" W -4 

Moon S 29° .E 14° 0' 18'' W 2-8 

Diff. 0° 37' 33" Sum 32 

To find Correction for Lai, 

37' 33 " = 37 56' 

3-2) 37-56 (11-73 = 11' 44" 
32 

55 
32 

235 
224 

Lat. used . 50° 6' 0" N 
Corr. ■11' 4 4" N 

True Lat. . 50° 17' 44" N 

To find Correction for Long, by O 

Corr. for Lat . . . 1173' 
No. from Johnson's Tables ;4 

4-692 = Corr. for Long, by 

Long, by Q 13° 22' 45" W 
C3orr. 4-69' . «4'41" W 

True Long. 13° 27' 26" W 

To find Correction for Long, by }) 
Corr. for Lat. . . 11-73' 

No. from Johnson's Tables 2-8 

9384 
2346 



Long, by }) 14° 0' 18" W 
C3orr. 32-84'= 32' 60" E 



32-844' = Corr. for Long, by )> 

14° 0' 18" W 
32' 60;; E 

True Long. 13° 27' 28 ' W 
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If the two Longitudes do not come out alike it shows 
that there is something wrong in working Johnson's 
Tables. 

Take notice that when the Bearings of the Heavenly 
Bodies are in adjacent quadrants, as is the case in this 
example, the sum of the numbers taken from Johnson's 
Tables must be used ; but when they are either in the 
same quadrant, or in opposite quadrants, the difference 
between the numbers taken from Johnson's Tables must 
be used. 



Digitized by 



Google 



93 



CHAPTEK XIX 
SECOND DIFFERENCES 

{Candidates for Extra Masters' Certificates are ex* 
pected by the Board of Trade Examiners to be able to 
work to what are called ' Second Differences.*) 
As you know, the Declination of the Sun and the 
Equation of Time are given you in the Almanac for 
every day at Greenwich noon ; and the Variation in one 
hour is given at every Greenwich noon. The Variation in 
one hour is the hourly rate of change of Declination or 
of Equation of Time at Greenwich noon. If the rate of 
change for every hour of the 24 was the same as that for 
Greenwich noon, the correction for Declination or for 
Equation of Time would be accurately found by multi- 
pl3dng the Variation due to one hour, as given in the 
Almanac, by the Greenwich date of your observation. 
But it does not follow that the Variation for one hour, in 
other words the rate of change, for every hour in the 
24 is the same as the Variation in one hour, or rate of 
change at Greenwich noon. 

To take an imaginary and exaggerated case : suppose 
the Sun's Declination to be 15** North to-day, and 15° 24' 
North to-morrow ; the Sun will have gone North 24' in 
the 24 hours. Suppose the Variation in one hour were 
1' to-day, and were also 1' to-morrow. Obviously the 
Variation for any one hour in the 24 would be 1' ; and 
if the Greenwich date of your observation were 6 hours, 
all you would have to do would be to multiply 1' by 6, 
and add the result to the Declination at noon to-day. 
But suppose the Variation in one hour given for noon 



Digitized by 



Google 



94 SECOND DIFFERENCES 

to-day were 2', and the Variation for one hour given for 
noon to-morrow were 30", in that case if you were to 
multiply 2' by 6, and add the result to the Declination at 
noon to-day, you obviously would not get the Sun's 
Declination at 6 hours correct. As the Sun was moving 
North at the rate of 2' an hour at noon to-day, and was 
moving North at the rate of only 30" an hour at noon 
to-morrow, it is clear that the assumption that it was 
moving at the rate of 2' an hour at 6 hours to-day would 
be highly inaccurate. 

You know that the Moon's Eight Ascension and 
Declination is given you for every hour in the Almanac, 
and that .the Variation in ten minutes is also given at 
every hour. That Variation in ten minutes is the rate 
of change in ten minutes in every hour. If the rate of 
change for every ten minutes in the hour were the same, 
all you would have to do in order to find the correction 
to be applied to the Moon's Eight Ascension or Declination 
would be to multiply the variation in ten minutes by the 
Greenwich date of your observation. But it does not 
follow that the motion of the Moon, that is to say the 
rate of change, is the same during every ten minutes 
contained in an hour. 

Take an imaginary and extreme case. Suppose the 
Declination of the Moon at 6 hours to-day was 22° North 
and at 7 hours was 25° North. The Moon has moved 
North 3° in one hour. Suppose the Variation in ten 
minutes was 30' at 6 hours, and was also 30' at 7 hours. 
The moon would have moved North 30' in every ten 
minutes during the hour ; and supposing your Greenwich 
date to be 6 h. 20 m., all you would have to do would be to 
multiply 30' by 2 and add the result to the Moon's 
Declination at 6 hours. But suppose the Variation in 
ten minutes at 6 hours was 1° and at 7 hours was 15', it is 
obvious that if you were to multiply 1° by 2, and add the 
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result to the Declination at 6 hours, you would get an 
erroneous Declination at your Greenwich date 6 h. 20 m. 
If the Variation in ten minutes at 6 hours was 1^, and 
the Variation in ten minutes at 7 hours was 15', it is quite 
clear that the Variation in the six periods of ten minutes 
contained in one hour are not all the same. 

In the case of the Sun, you would have to find out 
the Variation in one hour at 6 hours Greenwich date. 
In the case of the Moon you would have to find out the 
Variation in ten minutes at 6 h. 20 m. Greenwich date. To 
do so you must work to * Second Differences.* 

What you have to do is to find the mean rate at 
which a body is moving during the time elapsing between 
the Greenwich date of your observation and the nearest 
previous date at which the body's Variation in one hour 
or in ten minutes, as the case may be, is given in the 
Nautical Almanac. 

Take the case of the Declination of the Sun. 

Suppose your Greenwich date is 6 hours on June 
16th, 1898. What you want to get at is the average rate 
at which the Sun has moved between noon and 6 hours. 
The Variation for one hour is given to you at noon on the 
16th, and at noon on the 17th, namely 508" on the 16th, 
and 405" on the 17th, the difference 103" is the change 
in rate which has occurred during the 24 hours. What 
you want to know is the average rate at which the Sun 
has progressed to the Northward in the 6 hours. We 
must assume that the rate changes uniformly during the 
24 hours. This is not strictly true, but it is true enough 
for all practical purposes, and on that assumption it is 
obvious that the average rate for the 6 hours will be the 
actual rate at 3 hours ; so what we have to do is to get 
the actual rate at 3 hours. The best way to do that is 
first to find the actual rate of change for one hour. The 
rate of change for one hour is easily found by dividing 
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the change of rate during the 24 hours, which is 1-03" by 
24 ; 1-03 -T- 24 = 04" very nearly. -04" is therefore the 
change of rate in one hour. We want to know the change of 
rate in 3 hours. This is clearly -04" x 3, and 04 x 3= -12". 
Now the Sun at noon on the 16th was travelling at the 
rate of 5'08" per hour ; and at noon on the 17th it was 
travelling at the rate of 4*05" per hour, therefore its rate 
is decreasing, and as the rate has decreased during 3 hours 
by '12", that amount must be deducted from 5'08", which 
was the rate at noon. 5-08 — -12 = 4*96. This result is 
the Variation for one hour proper to the Greenwich 
date of your observation ; that is to say, the Variation 
for one hour to be used in correcting your Declination. 
This explanation shows the exact principle involved; 
but, to avoid the unnecessary trouble of exactly dividing 
the time elapsing between your Greenwich date and the 
previous noon, which might be a difficult operation, it is 
advisable to adopt the following method : 

Divide the change of rate in 24 hours by 48 instead 
of by 24, and multiply by the whole time elapsing between 
your Greenwich date and noon instead of half of it. 
Obviously in the above example it comes to the same 
thing, whether you divide by 24 and . multiply by 3, or 
divide by 48 and multiply by 6. It is simpler to multiply 
first and divide after ; and it is easier to divide by 4 and 
then by 12, than by 48. Therefore, in working this 
example to second differences you should multiply the 
change of rate in 24 hours, namely 103", by 6, the Green- 
wich date, and divide by 4 and 12, thus : 

1-03" 

6 

4)^18 
12 )J.-64 
•13" 

This gives '13" instead of 12" as found before. The 
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difference is infinitesimal, and arises because a sufficient 
number of decimal places were not used. -13" is of course 
the more accurate of the two. 

To work this example out to the bitter end. The 
Sun's Declination at noon on the 16th was 23° 22' 111" N 
increasing. Variation in one hour given for noon on 
the 16th was 508" decreasing. Correction for second 
diflference 13" deducted from 508" = 4-95", which is the 
Variation in one hour to be used ; 4*95" x 6 hours (the 
Greenwich date) = 29*7" to be added to the Declination 
at noon, which therefore is 23° 22' 408" N. 

The Equation of Time is corrected for second diflference 
in precisely the same way. 

Here are some examples : 

' On January 10th, 1898, at 14 h. 13 m. 18 s. Mean 
Time at Greenwich, find the Declination of the Sun and 
the Equation of Time.' 

Declination on January 10th at Mean Noon at Green- 
wich was 21° 54' 49-2" South, decreasing. 



VOL. II. 



Variation in 1>> on 10th . 
„ 11th . 
Change of Bate in 24>> . 
X U^ 13- 18' . 


. 22-78" 
. 23-84" 
106 
. = 14-2 




212 
424 
106 




4)15052 


Correction for Sec. Diflf. . 


12)3-76 
. -31 


Variation in 1^ on 10th . 
Correction 


. 22-78 
. -31 


Corrected Variation in l** 
14»«13"18' . 


2309 
= 14-22 




4618 
4618 
9236 
2309 


60) 


328-3398 




5' 28-3" 


Declination . 21° 
Change for 14-2»' 


64' 49-2" S 
5' 28-3" 


Corrected Declination 21'' 


49 20-9" S 

I 
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Equation of Time on January 10th at Mean Noon 
Greenwich, 7 m 51-61 s. increasing. 



Hourly Variation on 10th . 
11th . 


. 1-000- 
•975 


Change of Bate in 24i> 
X UMS-IS- . 


. -025 
. = 14-2 




710 
284 




4 ) ^3550 




12) -089' 


Corr. for Sec. Diflf. 
Var. in l** on 10th 


•007 
. 1000 


Corr. Var. in l** . 
U^ 18™ 18- . 


•993 
14-2 


E. T. at Noon . 
Change for 142^ 


1986 
3972 
993 

141006' 
7" 51-6' 
141- 



Corrected Equation of Time 8*" 5*7' 

* On March 18th, 1898, at 22 h. 35 m. 10 s.. Mean Time 
at Greenwich, required the Declination of the Sun and 
the Equation of Time.' 

Declination on March 18th at Mean Noon at Green- 
wich 0° 49' 30-7" S increasing. 

Variation for l^* on the 18th 59*29" 
„ 19th 59*28" 

In this case the change of rate being practically nil 
in the 24 hours, no second differences are necessary, and 
we multiply at once by the number of hours of the Green- 
wich date. Thus : 

Variation in 1" . . 59*29" 

22»' 35" 10' M. T. G. = 22*6 

35574 
11858 
11858 

60 ) 1339-95 4 

Variation in 22*6»' 22' 19*9" 

Declination at Noon 0° 49' 307" S 

Declination required 0° 27' 10*8" S 
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Equation of Time on March 18th at Mean Noon at 
Greenwich 8 m. 7-17 s. decreasing. 

Var. in 1>» on the 18th IdV 
19th -743 

Change of Rate in 24^ -006 
22-6 

4 ) -1356 

12 )"034 

Corr. for Sec. Diff. . 003 
•737 

Corr. Var. in 1>» 74 

22-6 

904~ 
1582 



Var. in 22-6h 16-724- 

E. T. . . S™ 7-17» 



CoiT. E. T. . 7" 60-446* 

The correction of the Moon's Eight Ascension and 
Declination for second differences are made on exactly the 
same principle, but as Eight Ascensions and Declinations 
are given for every hour instead of for every twenty-four 
hours, and the Variation in ten minutes is given instead of 
the Variation in one hour, the figures used are of course 
different. 

Whereas in the case of the Sun you divide by 48, 
which is double 24 (the number of hours in the day), in 
the case of the Moon you divide by 120, which is double 
60 (the number of minutes in one hour) ; and whereas 
in the case of the Sun you multiply by the number of 
hours and decimals of an hour which your Greenwich 
date is in excess of the next previous noon, in the case of 
the Moon you multiply by the number of minutes and 
decimals of a minute which the Greenwich date is in 
excess of the next previous hour. 

For example, on June 5th, 1898, at h. 35 m. s., 
M. T. G., find the Moon's Declination. 

H 2 
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The Moon's Declination at Oh. was 25° 14' 31-7" S 
decreasing. At h. the Variation in 10 minutes was 25-77," 
and at one hour it was 27'75" ; we want to know what is 
the Mean Variation between h. and h. 35 m., in other 
words we want to know the actual rate at 17^ minutes, 
or decimally, 175 minutes. Take the difference between 
25-77" and 2775" : it is 198", which is the change of 
rate in one hour ; this divided by 60 equals -033", the 
change of rate in one minute, which multiplied by 17*5 
equals '5775", and that is the correction to be appUed to 
the Variation in 10 minutes at h., namely, 25-77" ; and, 
as the Variation in 10 minutes is increasing, it is to be 
added to it. Therefore 2577" -h 58" = 2635", the 
Variation in 10 minutes to be used. This is the correct 
explanation of the process. The simplest way of doing 
it is to take the diflference between the Variation in 
10 minutes at h., and the Variation in 10 minutes at 1 h., 
namely 1*98" ; multiply by the total number of minutes 
of the Greenwich date 35, or decimally 3*5, which gives 
you 69-3", and divide this by 120 instead of 60, which 
gives you -58" very nearly, and this is the correction to be 
added to the Variation for 10 minutes at h. Let us 
complete the operation, working to second differences. 

The Variation in 10 minutes to be used has been 
found to be 2635". Your Greenwich date is 35 minutes, 
which is 3^ times, or decimally 3-5. Therefore multiply 
26-35" by 35, and you have 92225", which equals 1' 3223", 
the correction to be applied to the Declination at h., and 
to be subtracted, because the Declination is decreasing. 

Declination at 0»» . 26° 14' 31-7" S 
Change in 36" . . 1' 32-2'' 

Declination at 0'' 35- . 25° 12' 69-5" S 

Trear the Moon's Eight Ascension in the same 
manner. Here are a few examples : 
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1. On August 19th, 1898, at 14 h. 56 m. 30 s., M. T. G., 
required the Moon's Right Ascension and Declination. 

On August 19th at 14 h., the Moon's E. A. was 
11 h. 43m. 6501s. 



Variation in 10- at 14^ 
» IS** 


. 19-370' 
. 19-393 


Change of Bate in 1" . 
56- 30- 


•023 
. = 5-66 




1695 
1130 




12 ) 12996 


Correction . 
Variation at 14h . 


= Oil 
= 19-370 


Corrected Variation 
56-30' 


= 19-381 
= 5-66 




96905 
116286 
96905 




60 ) 109-50265 


Change in 56°> 30- 
Moon's B. A. at 14» . 


1» 49-5- 
= 11"» 43» SS-O- 


Moon*8 B. A. Corrected 


= llh 45- 44-5- 



Now for the Declination. 

On August 19th at 14 h., the Moon's Declination was 
3^ 34' 6-4" S increasing. 



Variation in 10- at 14'» 
15^ 


. 136-37" 
. 136-30 


Change of rate in 1^ 


•07 
5-65 




12) -3955 




•03 
136-37 




13634 
565 




68170 
81804 
68170 




60)770-3210 


Corr. 12' 503" 
Dec. 3° 34' 6-4" S 


Corrected Declination 


3<» 46' 567" S 
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2. On October 31st, 1898, at 17 h. 28 m. 10 s. M. T. G., 
required the Moon's K. A. and Declination. 

At 17 h. on October 31st, the Moon's Eight Ascension 

was 4 h. 31 m. 52*44 s. 

Variation in 10- at 17«' . . 22*390" 
„ „ IS*- . . 22-387" 



Change in 1** . 
28™ 10* . 


•003 

. = 2-8 




12 ) -0084 


Correction 

Variation in 10" at 17»' 


-0007 
. 22-390 


Corrected Variation . 


. 22-389 

2-8 




179112 

44778 




60 ) 62-6892 


Change in 28"' 10" 
R.A 


. Im 2-69- 
i^ 31m 62-44- 



Corrected Moon*s B. A. 4^ 32" 5513* 

At 17 h. on October Slst Moon's Declination was 



24" 30' 261" N increasing. 



Variation in 10- at 17h . . . 22-48" 
18h . . . 21-22" 

Change of Variation in 1^ . 1*26 

2-8 

1008 
252 

12 ) 3-528 

Correction -29 

Variation at 17" .... 22-48 

Corrected Variation .... 22*19 

2-8 

17752 
4438 

60 ) 62I32 

Change of Dec. in 28ni 10" . 1' 2^1" 

Dec. atl7h. . 24° 30' 261" 

Corrected Moon's Declination 24° 3^' 28-2' N 

All you have to remember is : in the case of the Sun 
multiply the change of rate in 24 hours by the time 
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elapsing between your Greenwich date and noon ex- 
pressed in hours and decimals of an hour, and divide the 
result by 48 (by 4 and then by 12) ; in the case of 
the Moon, multiply the change of rate in one hour by the 
time, expressed in minutes and decimals of a minute, 
elapsing between your Greenwich date and the next less 
hour, and divide the result by 120. 

All this involves a great deal of trouble for very little 
profit, as the difference between working with or without 
second differences is, for all practical purposes, absolutely 
immaterial ; but it has to be done at the Board of Trade 
Examination, and therefore it is necessary that you 
should know how to do it. 
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CHAPTER XX 
LATITUDE BY DOUBLE ALTITUDES 

{Required for Extra Master's Certificate) 

The Double Altitude problem is a pretty one, and useful, 
inasmuch as accurate knowledge of the Greenwich date 
is not necessary to obtain accurate Latitude. A Double 
Altitude may consist of two Altitudes of the same body, 
taken with an intervening interval large enough to give a 
sufficient angle at the Pole, or of Altitudes of two bodies 
so situated as to give a sufficient Polar angle. The 
Altitudes may be both on the same side of the Meridian, 
or one on one side and the other on the other side. The 
latter situation gives the best results. A glance at the. 
diagram will explain the nature of the problem. 

The figure is drawn on the plane of the Horizon. The 
circle N w o s i e is the Horizon, p is the Pole, z the 
Zenith, x the True position of the Sun East of the 
Meridian, and y the True position of the Sun West of the 
Meridian, x i and y o are the Altitudes, z x and z Y are 
the Zenith Distances, and p x and p y are the Polar Dis- 
tances. The angle xpy is the sum of the two Hour 
Angles. The problem is — Find the Colatitude, p z, and 
thence the Latitude, 

The first step is to find x Y. For this purpose you 
have the two known sides p x and p Y, and the known 
included angle xpy. You want to find the third side 
X Y. Proceed by the formula already given in page 37, 
namely. Log. of the angle x p Y + Log. Sine p x + Log 
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Sine P t gives auxiliary angle in time, which turn into 
arc. Find the difference between px and py. The 
natural Versine of this difference + the natural Versine of 
6 gives the Versine of x y, which take out. If, as is 
frequently the case, the difference between the Polar 
Distances does not amount to more than 1**, the Versine 




of gives XY. The sum will present the following 



appearance : 



X P Y Log. 

p X Sin 

PY Sin 



Log.«- 

px^^PY Vers 

B Vera 



VersxYss 



O / II 

X Y= 



Having found x y, the second step is to find with its 
help the angle p x y. 

You have the two including sides p x and y x, and the 
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opposite side p Y. Add together the three sides p x, Y x, 
p Y, call the result the sum, divide the sum by 2, and call 
the result the half sum. Find the difference between the 
half sum and p Y, and call this the remainder. Then add 
together the Log. Cosecant of p x, the Log. Cosecant of Y x, 
the Log. Sine of the half sum, and the Log. Sine of the 




remainder, and the sum, divided by 2, gives the Log. 
Cosine of half the angle p x y. Take out the Cosine, 
multiply it by 2, and you have the angle p x y. The sum 
looks this way : 



o / // 

p X Cosec 

YX Cosec 

PY 



2 



J Sum — 



Sin 



Sum -PT Sin 

Cob J p X t = 



iPXYs 

2 

P X Y = 
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This is all plain sailing, and there is nothing to re- 
member except that you must always deduct the opposite 
side from the half sum. 

Having thus found the big angle p x y, the third step 
is to find the smaller angle z x Y. 

You have the two including sides z x, y x, and the 
opposite side z Y. Proceed exactly as in step 2, and you 
will get z X Y. Take the lesser angle z x y from the 
greater angle pxy, and you have the angle pxz. Now 
for the fourth and final step. 

You have the angle pxz, and the two sides p x, z x, 
and you want to find p z. Proceed precisely as in step 1, 
and you have it. p z is the Colatitude, and the Colatitude 
taken from 90** gives the Latitude, and there you are. The 
whole problem would present itself like this : — 



1 

/ /t 


w 




(ii) 

o / // 




X p Y 


Log. 




X Y Coseo 




P X - - - 


Sin 




z X Coaec - - - 




P Y 


Sin 




Z Y 




PX'^P Y - - 


Sum 


Log. 


e 2)-T- 




O 1 II 






\ Sum - - - Sin 




PX/^PY 

9 


Vers 

Vers 


i 


Sum - z Y Sin - - - 




X Y 


Vers 1 - - 




2)--- c 

Cos A2XT= = _. 


, „ 




(iii) 






2 


O 1 


// 




Z X Y = - - 





P X -- 


- Cosec - - - 




(iv) 




TX -- 


- Coaec 




PX Y-ZXY = PXZ=- 




P Y - - 


- 




o , . (V) 




2)^: 


I 




1 n ^ ' 

PXZ Log. 




J Sum -- 


- - Sin . 




P X Sin. -- ~ 

ZX --- Sin 


/ II 


J- Sum - p Y - - 


_ Sin . 




Log. = - --(?-- - 




2 ) 

Cob i p X Y 


o 


t n o 1 II 

px/^zx Vers 










"2 $ Vers 


1 II 




PXY 


== — 


1 - Vers p z (Colat.) = = - - 
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Fig. 92 shows how the problem presents itself if both the 
Altitudes of the Sun are taken on the same side of the 
Meridian. All you have to remember is that whereas in 
the case of Altitudes on different sides of the Meridian the 
sum of the Hour Angles forms the angle x p y, in the case 
of Altitudes on the same side of the Meridian the greater 

Hour Angle 
xpz — the les- 
ser Hour Angle 
Y p z, forms the 
angle x p y. 

In this ex- 
planation the 
problem has 
been worked 
with the angles 
at X. You can 
solve it using 
the angles of 
the first Alti- 
tude at X, or 
with the angles 
of the second Altitude at y, whichever you like. The best 
plan is to use whichever is the larger angle of the two. 

It may be that in the interval between two observations 
of the same body it crosses the Meridian North of the 
Zenith, as in figure 93. 

If you are unaware of this fact you will soon find it 
out, because the Latitude will come out grievously wrong. 
But it can soon be put right. The only difference in 
working the problem is that in North Latitude if the body 
crosses North of the Zenith you take the sum of the angles 
PXY and ZXY to get the angle pxz, instead of their 
difference, as you would do in the case of the body crossing 
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South of the Zenith; and of course in South Latitude 
you would adopt the same course if the body crossed 
South of the Zenith. 

Instead of finding the angle x p y from the two Hour 
Angles, you may note the interval between observation by 
your Chronometer, turning the Mean Time by Chronometer 
into Apparent 
Time, so as to 
get an inter- 
val of Appar- 
ent Time. 

I have 
treated this 
Double Alti- 
tude problem 
as if the posi- 
tion of the 
observer did 
not shift be- 
tween the 
observations ; 
but as, if at 
sea, his posi- 
tion does shift, one of the Altitudes must be reduced to 
what it would be if it had been taken from the position 
occupied by the observer at the time of the other observa- 
tion. In other words, an allowance must be made for 
the run of the ship. If Latitude is required at the time 
of the second observation, the first Altitude must be 
reduced. If it is wanted at the time of the first observa- 
tion, the second Altitude must be reduced. That is easily 
done. 

Take the case of finding Latitude at the time of the 
second Altitude. If, in the interval, you have approached 
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the Sun the first Altitude will have to be increased. If 
you have receded from the' Sun it must be decreased. 

This is obvious. Suppose the Sun to be South of you 
at an Altitude of 30°, if you moved South you would increase 
the angle until the Sun was overhead 90°. If you moved 
North you would decrease the angle until the Sun was on 
the Horizon 0°. 

Take the Bearing of the Sun at your first observation, 
and take the Course and Distance made good during the 
interval. Find the difference in angle between the Sun's 
Bearing and the Course, if there is any. If there is none, you 
are approaching the Sun directly. If the angle is less than 
90° you are approaching it at an acute angle. If the angle 
is 90° you are neither approaching it nor receding from it. 
If the angle lies between 90° and 180° you are receding 
from it at an obtuse angle. If it is 180° you are receding 
from it directly. Of course if you are directly approaching 
or are directly receding the whole run is the correction for 
Altitude ; and if the angle is 90°, and you are neither 
approaching nor receding, there is no correction. The 
Traverse Table affords the simplest means of ascertaining 
the correction under any other conditions. If you 
are approaching the Sun enter Table II. with the angle 
between the ship's Course and the Sun's Bearing as a 
Course, and the run in miles in the Distance column. 
The corresponding number in the Diff. Lat. column will 
be the correction. If you are receding from the Sun, 
enter the table with the supplement of the angle between 
the Course and Sun's Bearing, and proceed as before. 

A Double Altitude by two observations of a star 
is worked in the same way, but remember that the angle 
at the Pole, namely, the angle xpy, is an interval of 
Sidereal Time. The angle x p Y is found by measuring the 
interval by chronometer, but in that case the interval of 
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Solar Mean Time must be converted by acceleration for 
the hours and minutes of the interval into an interval of 
Sidereal Time. 

In the event of taking simultaneous Altitudes of two 
stars, the angle at the Pole, x p Y, is the difference between 
their Eight Ascensions if that difference is less than 12 
hours ; but if it exceeds 12 hours, 24 hours must be added 
to the lesser Eight Ascension before finding the difference. 




The advantage of taking two stars simultaneously is that 
no run of the ship has to be allowed for. 

If one observer takes two Altitudes they obviously 
cannot be taken simultaneously ; but no difficulty need 
arise— all he has to do is to note the interval of time 
elapsing between the observations, and if he has taken an 
Eastern star first, add the interval to the Polar Angle, or 
if he has taken a Western star first, deduct the interval 
from the Polar Angle. Though the interval is one of 
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Mean Solar Time, it is so short as to make acceleration 
unnecessary in order to get Sidereal Time. 

Let X and y be the position of two stars when the 
Altitude of one of them is taken, and x^ and Yj their 
position when the Altitude of the other is taken. It is 
obvious that if the Altitude of x, the Eastern star, is 
taken first, the position of the Western star will be at 
Y, after the short interval of xpx,, or ypy,, and the Polar 




Angle will be xpy, ; but on the contrary, if the Altitude 
of Y be taken first, the Polar Angle will be x,py. 

Double Altitudes may be taken with any Heavenly 
Bodies in suitable positions, and in any connection ; but 
the Moon is, as usual, troublesome on account of her 
rapid motion, and the Greenwich date of the observation 
must be precisely known in order to correct her Declina- 
tion and Eight Ascension with suiBcient accuracy, whereas 
with all other bodies a rough Greenwich date is sufl&cient. 
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In dealing with stars be careful to select two stars a 
line connecting which will pass well clear of the Zenith, 
otherwise you cannot tell whether the arc xy passes 
North or South of it, and consequently you do not know 
whether the small angle z x Y is to be taken from or 
added to p x Y in order to find p x z. Here are some 
examples : 

I. On June 11th, 1898, a.m. at ship, a Chronometer 
showed June 11th 2 h. 59 m. 22 s., M. T. G., Obs. Alt. 
24° 2' 40", Bearing N 27^** E (true) ; and p.m. at ship, 
when the Chronometer showed June 11th 7 h. 51 m. 29-4 s., 
the Obs. Alt. i was 15° 9' 50", Height of Eye 20 feet, run 
between sights S 36° E (true) 26 miles. Kequired the 
Latitude at the time of the second observation. 



1(W1" 
9-19" 

3 

8)3-06 

6V38 

'^ 

10M5 
3 

30*4« 



10-21" 
9-19" 

1-02 

7-85 I 

510 

816 I 
714 

8)8-0070 
6)1-00 

"T; 

i(V04 

7'85 

6U?0 

8032 

7028 



•505 
•514 



•009 
8 



48)-0278)'O7065 

•001 6)-(i09 

•505 

-001 

•506 -505 

8 

-506 

1-518 7-85 



60)78-8140 
1' 18-8" 

•505 
•614 

<J09 
7-86 



I 



2530 
4048 
3542 

3-97210 
VOL. II. 



To correct the necessary data 
At 1st Observation 
© Declination Eq. of Time. 
23" 6' 62*9" N.A.p.93 0»« 37-62" 



30-5" 

23= 7' 23-4" N 
90° 0' 0" 

li8°~7' 23-4" 



1-52 



At 2nd Obseryation 
Declination Bq . of Time 
23«» 6' 52-9" 0" 37-62« 

1' 18-8" 3-97 



361 + M.T. 



23° 8' 11-7" +M.T. 33-65 
90° 0' 0" 



113° 8' 11-7" 



To find the Apparent Interval 



M. T. G. nth 

E. of T. 



2h B9m 22* 
+36-1 



A. T. G. nth 2 59 581 



M. T. G. nth 
E. of T. 

A. T. G. nth 
A- T. G. nth 



Jh 5i» 29.4. 
+33-7 

7 
2 



3.1 
58*1 



Apparent Interval 4 52 5 

Correction for run to be applied to 1st Altitude 

Sun'a True Bearing . . N 27J° E 
Ship's Course S 36*» E = N 144« E 

Difference 117^° 
180 



Enter Traverse Table with 62^° and 26' Distance; in the 
Diff. Lat. column is 12', which is to be deducted from the 
Ist Altitude because the ship has sailed away from the 
direction of the Sun at the 1st observation. 
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To Correct the Altitudes 



At Isi Observation 



At 2nd Observation 



Obs. Alt. . 
Dip. 


24° 2' 
4' 


40" 
23" 


Obs. Alt. . 
Dip 


15° 9' 50" 
4' 23" 


S.-D. 


23° 58' 
15' 


17" 
46" 


S.-D. 


15° 6' 27' 
15' 46" 


Ref.-Par. . 


24° 14' 
1' 


3" 

69" 


Ref.-Par.. 


15° 21' 13" 
3' 18" 


Tr. Alt. . 
Run 


24° 12' 
12' 


4" 
0" 


Tr. Alt. . 


16° 17' 56" 
90° 0' 0" 


Corrd. T. A. 
Z. D. 


24° 0' 
90° 0' 
65° 59' 


4" 

0' 

56" 

Fio. 94 

N 


Z.D. 


74° 42' 6" 




To find the LatittuU 
In the accompanying figure we have 

The Colatitude =- pz 
The Polar Distance at 1st Observation ^ px = 113° 7' 234" 
„ 2nd „ = p Y = 113° 8' 11-7" 

The Zenith Distance at 1st „ = z x - 65° 59' 56" 

„ 2nd „ = ZT = 74° 42' 5" 

The Interval of Apparent Time « x p v = 4'' 52''» 5« 

(Turned into Arc) - 73° 1' 15" 
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(1) To find the side XY 

XPY 4" 52« 5- Log. Hav 954899 
pv 113° 7' 23" Log. Sin 9-963629 
p Y 113° 8' 12" Log. Sin 9-963586 

X T Log. Hav 9-476204 

.MY- 4»' 25- 22* = 66° 20' 30" 



(2) To find the angle pyx 

XY 66° 20' 30" Cosec 038126 
p Y 113° 8' 12" Cosec 036415 
p X 113° 7' 23" 



292° 36' 5" 
146° 18' 2" Sin 



33° 10' 39 ' Sin 



9-744165 

9-738174 

2 ) 19-556880 

CbaiPYX 9*778440 

.i I PYX = 53° 6' 5-5" 
2 



(3) To find t)ie angle z y x 



X Y 66° 20' 30" 
ZY 74° 42' 6" 
zx 65° 59' 56" 



207° 2' 31' 
103° 31' 15" 



Cosec 
Cosec 



Sin 



37° 31' 19" Sin 



•038126 
•015669 



y-987794 
9-784664 



2 ) 19826253 

Cos^ZYX 9-913126 

,i Z zYX«35°2'41-5' 
2 



Z PYX - 106° 12' 11" 



Z ZYX - 70° 5' 23" 



(4) To find the angle p y z 

z p Y X = 106° 12' 11" 
Z ZYX= 70° 5' 23" 



6' 48" = 2>' 24"» 27-2- 



(5) To find vz (the Colatitude) 



p Y z = 2'' 24" 27-2- 
ZY = 74° 42' 5" 
p Y = 113° 8' 12" 



PY - ZY= 38° 26' 7" 

e = 2" 15"' 47' 
= 33° 56' 45" 

Y-ZY= 38° 26' 7" 
p z or Colat. 



Log. Hav 8-98261 
Log. Sin 9-984331 
Log. Sin 9-963585 

a Log. Hav 8-93053 
32 

Nat. Vers 170312 
121 

Nat. Vers 216668 
21 



Nat. Vers 387122 
093 

~29 



P z = 52° 12' 7" 
90° 0' 0" 



Latitude 37° 47' 53" S 
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In the subsidiary calculations on the side Second 
Differences have been used. Quite sufficient accuracy 
would be obtained without them, but they will serve as 
an example of how Second Differences are worked. 

II. On October 31st, 1898, in Lat. D. R. 15^ 40' S, Long. 
160^ 25' W, at about 11 h. p.m., A. T. S.. the Obs. Alt. of 
Canopus (E. of Mer.) was 22° 34' 50", and at the same 
moment the Obs. Alt. of Aldebaran (E. of Mer.) was 
35° 17' 30", I. E. nil. Height of Eye 16 feet. Required 
the Latitude. 



A. T. S. 3l8t 
Long, in T, 

A. T. G. 3l8t 


11*' 0- 0- 
10 41 40 

21 41 40 
-16 19 

21 25 21 


Canopns 
R. A. ei^ 21-44- 

Dec. 62° 38' 8" S 


Aldebamu 
R. A. 4" 30- 9* 

Deo. 16« 18' 29" N 


Eq. of Time 
M.T.G.3l8t 


P. D. 37° 21' 52" 


P.D. 106° 18' 29' 



R. A. Canopus . 6" 21- 44- 
R. A. Aldebaran 4 30 9 





Difif. of R. A. 


= 1 51 35 




Canopu.i (E) 


Aldebaran (E) 




Obs. Alt. 


22° 34 60" 


Obs. Alt. 35° 17' 


30" 


Dip. . 


3' 55" 


Dip. . 3' 
35° 13' 


55" 




22° 30' 55" 


35" 


Ref. . 


2' 17" 


Ref. . 1' 


21" 


Tr. Alt. . 


22° 28' 38" 


Tr. Alt. . 35° 12' 


14" 




90° 0' 0" 


90° 0' 


0" 


Z.D. . 


67° 31' 22" 


Z. D. . 64° 47' 


46" 



Now we have in the aocompanying figure— 

PA Aldebaran's Pol. Dist. . =106* 18' 29" 

p c Canopus's . „ . . = 37° 21' 52" 

z A Aldebaran's Zen. Dist . « 54° 47' 46" 

z c Canopus's = 67° 31' 22" 

^ APC the difference between Canopus's 1 _ -^ ^. q-, 
and Aldebaran's R. A.'s. . . . j " 
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(1) To find the Bide ko. 



A p c = l* 61" 85- 

PA =106° 18' 29" 

p c = 37° 21' 52" 

p A - p c = 68° 66' 37" 


Log. Hay 

Log. Sin. 

Log. Sin. 

e Log. Hay 


8-76418 
9-982166 
9-783106 
. 8-529451 


1^24- 48' = 21° 12' 0" 
PA -PC =68° 66' 37" 


Nat. Vera 
Nat. Vers 


067676 

640546 

167 


A C 
/, A C = 


Nat. Vers 
73° 2' 44" 


•708889 
185 
204 


Fig. 


95 




N 








(2) To find the angle p c a 



(3) To find the angle z c a 



AC 73° 2' 44" 

PC 37° 21' 52" 

P A 106° 18' 29" 

216° 43' 6" 

108° 21' 38" 



Log. Cosec 
Log. Cosec 



Log. Sin 
Log. Sin 



•019298 
-216895 



9-977312 
8-553774 



AC 73° 2' 44" 
zc 67° 31' 22" 
ZA 54° 47' 46" 



Log. CSosec 
Log. Cosec 



•019298 
-034318 



2° 8' 4 

2 Log. Cos i p c A 18-767279 
Log. Cos i P c A 9-383639 

/. JpcA« 76° 0' 4" 

2 

p c A = 152° 0' 8" 



19 5° 21' 6 2" 

97° 40' 56" Log. Sin . 9*996084 

42° 53' 10" Log. Sin . 9-832856 

2 Log. Cos J z c A 19-88255 1 

Log. Cos^zcA 9-941275 

/. J z c A - 29° 7' 46" 

2 

z c A = 58° 15' 3d" 
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(4) To find the angle z c p 

^ p c A = 152° 0' 8" 
Z z c A = 58° 15' SO" 

. Z z c p = 93° 44' 38" « G** 14- 58-5« 




(5) To find p z (the Colatitude) 

/ z c p = e** 14- 58-5* Log. Hav 9-72644 
z c = 67° 31' 22" Log. Sin . 9*965687 
p c « 37° 21' 62" Log. Sin . 9-783105 

z c -p c - 30° 9' 30" $ Log. Hav 9-475232 

a = 4»' 25" 2' 
= 66° 16' 30" Nat. Vers. 697253 

133 
z c- p c - 30° 9' 30" Nat. Vera. 135287 

74 



p z or Colat. Nat. Vers. 732747 
481 

"66 

;. p z or Colat. = 74° 29' 67" 
90° 0' 0" 



Latitude 15° 30' 3" S. 



Digitized by 



Google 



LATITUDE BY DOUBLE ALTITUDES 119 



The Verification of Double Altitudes 

The accuracy of a Latitude found by a Double Altitude 
can be tested by Sunmer lines, and in the Board of Trade 
Examination must be so tested. 

To do so, find the Hour Angles of the body or bodies 
observed, using two Latitudes, one less and the other 
greater than the Latitude found by Double Altitude, by 
15' or 20' on each side. Call the difference between these 
Latitudes C. 

If the observations are on different sides of the 
Meridian, find the sum of the Hour Angles due to the 
lesser Latitude ; and also the sum of the Hour Angles due 
to the greater Latitude. But if the observations are on 
the same side of the Meridian, find the difference in both 
cases. These sums or differences are the elapsed times 
due to each Latitude used. 

Find the difference between the elapsed time due to 
the lesser Latitude, and the true elapsed time, which is 
the Polar Angle used in the Double Altitude. This differ- 
ence is the error in time consequent upon using the lesser 
Latitude. Call this difference B. 

Find the difference between the elapsed time for the 
lesser and the elapsed time for the greater Latitude. This 
difference is the error of elapsed time due to the difference 
between the Latitudes used. Call this difference A. 

Now you have a simple proportion sum, namely, as A 
(the error of elapsed time due to the erroneous Latitudes 
used) is to B (the error of elapsed time due to the less 
Latitude) so is C (the difference between the assumed 
Latitudes) to X — a correction to be applied to the less 
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assmned Latitude, The simplest way of working the sum 
in proportion is by using proportional Logs. (Table 
XXXIV.). This operation can be still more simplified if, 
instead of deducting the proportional Log. of A from the 
sum of the proportional Logs, of B and C, you use the ar. 
CO. (arithmetical complements) of the proportional Log. 
of A and add all three Logs, together. The ar. co. 
Log. is found by deducting the proportional Log. of A 
from 10-0000. 

The result of the sum in proportion gives you a 
correction to be applied to the lesser Latitude. If the true 
elapsed time, that is the Polar Angle, and the elapsed time 
for the greater Latitude are both greater or both less than 
the elapsed time for the lesser Latitude, the correction is to 
be added to the lesser Latitude. But if of the true elapsed 
time and the elapsed time for the greater Latitude, one is 
greater and the other less than the elapsed time for the 
lesser Latitude, the correction is to be subtracted from the 
lesser Latitude. 

If the correction is found to be subtractive, it is 
obvious that the Latitude derived from the Double Alti- 
tude is very wrong. 

It is scarcely possible that the Latitude derived from 
the verification by Sumner lines will be exactly the same 
as that derived from the Double Altitude, because the 
Sunmer lines, though considered to be straight, are in 
reality slightly curved, being segments of circles of equal 
Altitudes. The difference will, however, be very slight, 
and, if such is the case, you may assume that the Double 
Altitude is correct. Here follow two examples of this 
troublesome and not very useful problem : 
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Example I, 

Proof of the Double Altitude given on p. 113 by 
Sumner's methodi the assumed Latitudes being 37^ 30' S 
and 38^ 0' S. 

With LatUude 37** 30' 8 



A.M. 

Tr.Alt24^ 0' 4" 

Lat. .37° 30' 0" Sec 

P. D. 113° r23" Ck)8eo -036371 P. D. 



P.M. 

Tr.Alt. 16° 17' 56" 
100633 Lat. . 37° 80' 0" Sec . 100533 
113° 8' 12" Cosec 086416 



174° 37' 27" 



166° 66' 7" 



87° 18' 44" CJoB .8-671111 



63° 18' 40" Sin .9-951076 
Log. H. A. « 8-759090 
H. A«l»«60-66-B 



82° 68' 3" Cos . 9-087896 
67° 40' 8" Sin . 9-9661 43 
Log. H. A. = 9190987 
H.A«3*5-38- W 



With LaHtude 38° S 



Tr.Alt. 24° 0' 4" 

Lat. .38° 0' 0" Seo . 103468 Lat. 

P. D. 113° 7' 23" Cosec -036371 P. D. 



Tr.Alt. 15° 17' 66" 

38° 0' 0" Sec . 103468 
113° 8' 12" Cosec 036416 



176° 7' 27" 
87° 33' 44" Cos 


. 8-628740 
. 9-952021 


166° 26' 7" 
83° 13' 8" Cos 


. 9072258 


68° 38' 40" Sin 


67° 66' 8" Sin 


. 9-966917 



Log. H. A. = 8-720600 
H.A. = 1»' 46- 1- B 



Log. H. A. » 9179068 
H.A. = 3»' 2-67' W 



Lat. 37° 30' S I Lat. 38° S 

H. A. (E) l"* 50" 66- H. A. (E) I'' 46" 1' 
BLA.(W)3 6 88 IH.A. (W)8 2 57 

Interval 4 56 88 Interval 4 48 68 



A. T. G. (A.M. sight) 2'* 59" 58- 
A.T.G. (p.M.sigbt) 7 52 3 

Interval . . 4 62 6 



4»' 66" 
4 48 



88« 



4" 56" 
4 52 



83« 
5 



85 : 4 28 : : 30' : x 

7" 35 ar. co. Prop. Log. 8-6246 

4 28 „ „ 1-6058 

30' „ „ -7782 



Corr. for less Lat. 
Less Lat. . 

Latitude 



0° 17' 40" = Prop. Log. 10081 
87° 30' 0" 



37° 47' 40" 8 
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Example II, 

Proof of the Double Altitude on page 116 by Sumner's 
method, assuming Latitudes 15° 20' and 15** 50'. 

Asmming Latitude 15° 20' 



Canopns (B) Aldebaran ( E ) 
Tr. Alt. 22° 28' 38" Tr. Alt. 36° 12' 14" 
Lat. .15° 20' 0" Sec . 016741 Lat. . 15° 20' 0" Seo . -016741 
P.D. .37° 21' 52" Cosec -216895 P. D. . 106° 18' 29" Coseo 017834 


75° 10' 30" 156° 50' 43" 


37° 35' 15'^ Cos . 9-898957 78° 25' 22" Ck>B . 9-302522 


16° 6' 37" Sin .9-416104 43° 13' 8" Sin .9-835556 


Log. H. A. = 9-547697 Log. H. A. = 9171653 


Canopus H. A. 4'' 51'» 35- E Aldebaran H. A. 3'» 1" 19* 


Assuming Latitude 15° 50' 


Tr. Alt. 22° 28' 38" Tr. Alt. 35° 12' 14" 

Lat. .]5=»50' 0" Sec . -016798 Lat. . 15° 50' 0" Sec . -016798 

P.D. .37° 21' 52" Cosec -216896 P.D. . 106° 18' 29" Coseo -017834 


75° 40' 30" 167° 20' 43" Cos .9293168 


37° 50' 15" Cos . 9-897492 78° 40' 22" Sin . 9-837664 


16° 21' 37" Sin . 9-423062 43° 28' 8" 9-165364 


9-554247 


Canopus H. A. 4'» 64" 9* E Aldebaran H. A. 2»' 69" 56' 


Lat. 15° 20' 1 Lat. 16° 50' 
Canopus H. A. 4*' 61" 36* Canopus H.A.4'»64" 9* 
Aldebaran H. A. 3 1 19 Aldebaran H. A. 2 59 56 


Canopus R. A. 6'» 21" 44- 
Aldebaran B.A.4 30 9 


Diff. . . 1 50 16 Diflf. . . 1 64 13 


Diff. . .1 51 35 


l** 60- 16* 1'' 50- 16- 
1 54 13 1 51 36 

3 57 : 1 19 :: 30' : X 


3" 57* ar. co. prop. Log 8-3413 

1 19 „ „ 2-1358 

30' „ „ -7782 


Corr. to less Lat. = 0° 10' 0" = Prop. Log. 1-2653 
Less Lat. 15° 20' 0" 


Latitude 15° 30' 0" S 
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CHAPTER XXI 
LUNAR 

(Required for Extra Master) 

A LuNAB is a very foolish but rather fascinating problem. 
It is foolish in so far as it is of very slight practical value, 
fascinating because it is a nice problem to work, and 
because it affords the only means whereby a mariner can, 
in theory, at any rate, ascertain the Greenwich date 
without knowing his exact Longitude. If he could do so 
in practice, a Lunar would. Chronometers notwithstanding, 
be of great value. 

All ships in modem days are well supplied with 
Chronometers. From them the Greenwich date is 
known, and it is as easy to imagine a ship-master without 
a head as without a Chronometer. But he may possibly 
become ignorant of his Chronometer's error and rate. If 
BO, and if he is in sight of any known and charted land, 
his best way of finding the Greenwich date is by the 
hour angles of good stars East and West, and his Longi- 
tude derived from them. But at sea he does not know 
his Longitude, and to find Greenwich time without a 
Chronometer a Lunar is his only resource. 

The trouble with a Lunar is the extreme diflBculty of 
measuring, with sufl&cient accuracy, the distance between 
the Sun, star, or planet, and the Moon. The difl&culty of 
making exact contact with the sextant held horizontally 
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or at various most inconvenient angles, as is necessary 
when taking a distance, is infinitely greater than when 
the instrument is held vertically, as in taking an Altitude. 
When it is borne in mind that an error of only half a minute 
of arc in the distance will make on the average an error of 
a minute in time, or fifteen minutes of Longitude, it will be 
realised that even on shore and under most favourable 
circumstances, it is no easy matter to ascertain a Chrono- 
meter's error and to fix Longitude by means of a Lunar. 
And the diflBculty is enormously increased at sea. A power- 
ful inverting telescope must be used, and as a very moderate 
movement of the ship will sufl&ce to send a star flying 
past the edge of the Moon, it becomes absolutely impossi- 
ble to hold them together, and contact must be guessed 
at. 

Moreover, good opportunities of taking Lunars are 
not frequent. By day, when the Moon is small it is a 
difficult matter to distinguish the Moon if the Sun is bright. 
And at night, if the Moon is large and bright she puts out 
the stars, and it is not easy to see them. 

The most that can be said in favour of Lunars is that 
if a great number of them are taken under very favourable 
circumstances by a practised hand fairly accurate results 
may be expected. It is even just conceivable that a 
first-rate observer availing himself of frequent and good 
opportunities of taking distances during a voyage of many 
months might succeed in arriving at a tolerably good 
estimate of his Chronometer's rate ; but I should not like 
to rely upon it. 

However, we need not bother our heads about whether 
Lunars are useful or not. You need never work one at 
sea unless it amuses you to do so ; but you must work 
one on shore in the Examination Boom to get an Extra 
Master's Certificate, and that is the end of the matter. 
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The problem is in its nature simplicity itself. The 
Moon traverses the heavens as the hand of a clock goes 
round the dial. Certain stars and planets and the Sun 
represent the hours on the dial. The distance of the 
Moon from the Sun and from certain planets and stars 
is given in the Nautical Almanac for every three hours at 
Greenwich. All you have to do is to measure a distance 
between the Moon, and say a star, and by simple calcula- 
tion ascertain what time it was at Greenwich when the 
star was at that distance from the Moon. The bother 
connected with the problem lies in what is called * clearing 
the distance.* 

As the distance is the arc of a great circle having its 
centre in the observer, it must be reduced to an arc of a 
great circle having its centre in the centre of the Earth ; 
and as the errors due to Parallax and Befraction are errors 
acting vertically, whereas the great circle of which the 
distance is an arc is not a vertical circle, the operation of 
correcting the apparent distance is somewhat comphcated. 

Lunars may be of three kinds. You may observe the 
Altitudes of both bodies, or you may observe the Altitude 
of one body and calculate the Altitude of the other, or you 
may calculate both Altitudes. The latter proceeding is 
quite useless except for practice, as in order to calculate 
both Altitudes you must have an accurate Greenwich 
date. 

To observe both Altitudes is a very good plan, and 
saves a lot of trouble, but as the problem is always given 
by the Board of Trade in the shape of one Altitude 
observed and the other to be calculated, let us deal with 
that, and take first the case of the Sun. The problem 
will be something in this shape : 

* On August 23rd, 1898, p.m. at Ship, in Lat. 51° 47' N., 
I. E. + 1' 15", Height of Eye 16 feet. Chron. assumed 
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to be 5' 59" fast. Chron. showed 5 h. 24 m. 44 s. Obs. Alt. 
© 21^ 30' 0". Obs. Dis. © - ([ 76^ 12' 50". Eequired 
the error of the Chronometer and the Longitude.' 

First of all get the necessary elements right, using 
the Chronometer time corrected for the assumed error. 
Correct the Sun's Declination and the Equation of Time. 
Look out the Sun's Semi-Diameter. Find the Eight 
Ascension of the Mean Sun. Correct the Moon's' Semi- 
Diameter, and augment it as soon as you have calculated 
her Altitude. Correct her Horizontal Parallax, and reduce 
it for Latitude. Find her corrected Eight Ascension and 
Declination. Then proceed to correct the Observed Alti- 
tude of the Sun for Index Error, Dip, and Semi-Diameter, 
which gives you Apparent Altitude; this is one of the 
elements required in clearing the distance, so make a note 
of it. From the Apparent find the True Altitude, and 
thence the Zenith Distance, which is another element in 
clearing the distance. Find the Sun's Hour Angle in the 
usual way. Turn Apparent Time at Ship into Mean 
Time at Ship. 

Now to calculate the Moon's Altitude. — M. T. S. + 
E. A. M. © = E. A. of the Meridian. E. A. of the 
Meridian — )/ E. A. gives the Moon's Hour Angle. 

Add together the Log of the H. A., the Log. Sine of 
the Colatitude, and Log. Sine of the P. D. The sum is 
the Log. of Auxiliary angle 0, which take out and turn 
into arc. 

Take the difference between the Colatitude and Polar 
Distance, and add the natural Versine of this difference 
to the natural Versine of ; this gives the natural Versine 
of the Moon's Zenith Distance, which take out. 90° — 
Z.D. = Moon's True Altitude. 

To find Apparent Altitude from Trtce Altitude the 
correction for Parallax in Altitude less Eefraction must be 
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subtracted instead of added, as you have been accustomed 
to do in turning Apparent into True Altitude. Enter 
Table XXX. with Horizontal Parallax at the top and 
the True Altitude at the side in the Apparent Altitude 
column, and take out the correction. Deduct the correc- 
tion from the True Altitude, to get an approximate Apparent 
Altitude. Enter the Table again with this approximate 
Apparent Altitude, and take out the correction. Deduct 
this correction from True Altitude, and you have the Ap- 
parent Altitude as nearly absolutely accurate as is required. 

While you are about it take out the auxiliary angle A 
from the right-hand pages of Table XXX. Enter the Table 
with Apparent Altitude at the side and Horizontal Parallax 
at the top. Take out the minutes and seconds of the 
angle in precisely the same way as you find the Moon's 
Parallax in Altitude. The only difference is that the 
seconds to be added for the odd minutes of the Moon's 
Altitude are given at the bottom of the page instead of at 
the sides, and the right-hand column contains seconds to 
be added for Altitude of the Sun or star. To the minutes 
and seconds taken from the Tables add eO"*. This is 
angle A, an auxiliary arc used for clearing the distance. 

Correct the observed distance for I. E., add the Sun's 
and Moon's Semi-Diameters, and call this the * Apparent 
Distance.' You have now all the elements required. 

To work the Problem, — Add together the Sun's Z. D. 
and the Moon's Z. D. ; this is arc I. 

Add together the Sun's App. Alt. and the Moon's App. 
Alt., and to the sum apply angle A, taking their sum, 
which is arc II., and their difference, which is arc III. 

Take the sum and difference of the Apparent Distance 
and angle A. ; the sum is arc IV. and the difference is 
arc V. 

Now add the natural Versines of these five arcs 
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together, and the result is the natural Versine of the 
True Distance. It is quite sufl&cient to write down the 
last five figures of the natural Versines of the arcs, and 
the last five figures of the natural Versine of the sum. 
Look for this sum in the Versine column containing 
the degrees of your Apparent Distance, and you will find 
it either in that column or in one of the adjacent columns ; 
take out the degrees, minutes, and seconds appertaining 
to the sum — this is the True Distance. 

Turn to the Nautical Almanac under Lunar distances, 
commencing on page XIII. of each month, and opposite the 
day of the month on the left hand you vdll see the dis- 
tance of the Sun from the Moon given for every three 
hours. If the distances are increasing take out the dis- 
tance next less to your true distance ; if the distances are 
decreasing take out the next greater. In either case take 
out also the proportional Log. in the adjacent column. 
Take the difference between the proportional Log. and the 
next one, and note whether the Log. is increasing or 
decreasing; in the former case mark the difference — , 
in the latter case 4-. Take out the difference between 
your True Distance and the distance taken from the 
Almanac, and from Table XXXIV. take out the pro- 
portional Log. due to this difference. From this propor- 
tional Log. deduct the proportional Log. taken from 
the Almanac, find this difference in Table XXXIV. and 
take out the time due to it. Add this time to the hours 
given at the top of the column in the Almanac which 
contaius the distance you took out, and the result is Mean 
Time at Greenwich very nearly. 

To make it M. T. G. exactly: Enter Table LIV. 
with the difference between the two successive propor- 
tional Logs, in the Nautical Almanac at the top, and 
the time to be added to the hours taken from the 
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Almanac at the side, and take out the appropriate correc- 
tion in seconds, which add or deduct from M. T. G. accord- 
ing to whether you have marked the difference between 
the proportional Logs, in the Almanac H- or — . The 
result is M. T. G. The difference between M. T. G. and 
the time shown on your Chronometer is the error of the 
Chronometer. With the M. T. G. and the M. T. 8. by the 
Sun the Longitude is ascertained in the usual way. This 
is a long, and, I fear, an obscure explanation, but until 
you try yourself you can have no idea how difl&cult it is 
to explain tables in writing. Perhaps a skeleton form of 
Lunar will serve best to make clear the various stages 
in clearing the Distance. 

(1) To find M. T. S, (2) To find ]) Alt. 

O I n hat 

Obs. Alt. Q M. T. S. . 

I.E. . ± R.AM. 

R. A of Mend. 

Dip . }) R. A. 



H.A 



S. D. . + 

App. Alt. . _ Z":L ck)lat. . 

Rofr. . }) P. D. 

P. D. /%^ Colat. = 

Par. . + - 

m * IX ' * Vers . 

True Alt. . P.D.^Colat. Vers 

Lat. . . Seo . Vers Z. D = . 

p. D. . . Cosec . })Z. D. = . 



Sin . 

Sin . 

Log. 9. 



Sum . 2) 90<>-Z.D. = Tr.Alt.— — — 

\ Sum . _ _ — CJos . Par. in Alt.-Ref. 

Remainder . — Sin . -^PP- ^^' - 

Log. H. A. - -- - J4J To find App, Dint 

H. A. = A. T. S. . — — — Obs. Dist. . . 

E. T. . ± L E. . . . 

M. T. S. . . - ^ — IT—T: 

S. D. of . . 

S. D. of J . . 



(3) Find Angle A, App. Dist. = 

VOL. 11. K 
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(5) To Clear the Distance. 



©Z.D. 
}> Z.D. 



O App. Alt. 
^ App. Alt. 

Sum . 
Angle A 

Sam . 
Diff. . 
App. Dist. 
Angle A 

Sum . 
Diflf. . 



Pts. for Sees 



Arc I. Vers . . 



Arc II. Vera 

Arc III. Vers 



Arc. IV. Vera 

Arc V. Vers 

Sum . 

•I- Pts. for Sec 



Vers Tr. Dist. 
True Dist. . 

Various formulas for working Lunars are recommended 
in the epitomes and books of instruction. The Versine 
method given above appears to me the simplest of them 
all, and the easiest to remember, though it is not, I think, 
advocated generally. All you have to do is to find the 
two Zenith Distances, the two Apparent Altitudes, the 
Apparent Distance and Angle A. With those elements 
you have to find five arcs. Arc I. is the sum of the 
Zenith Distances. Arc II. is the sum of the Apparent 
Altitudes plus Angle A. Arc III. is the sum of the 
Apparent Altitudes minus Angle A. Arc IV. is the 
sum of the Apparent Distance and Angle A. Arc V. is 
the difference between the Apparent Distance and Angle 
A. You have then to look out the natural Versines of 
these five arcs and add them together ; their sum is the 
natural Versine of the True Distance. No simpler way of 
clearing the distance has been devised. 

The sum, though rather long, is really very simple, 
and I never could understand why Lunars are supposed to 
present so much difificulty. Of course you must be exact 
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in your working, especially in correcting all the data of 
the Moon, and in the Distance, and in Angle A. Errors in 
Altitude, unless large, make no appreciable difference in 
the result, but very small errors in anything affecting the 
Distance produce serious errors in the result. 

In working a Lunar be very particular in marking all 
the data clearly, and writing them down quite separate 
and distinct from each other, or you may fall into the 
inconceivably irritating mistake of using the Sun's Polar 
Distance in working the Moon's Altitude, or vice versa, or 
into some other equally disgusting mistake necessitating 
your working the whole blessed thing over again. 
Here are examples worked to second differences : 
1898, October 21st, p.m. at ship, in Lat. 5^ 30' S, 
Long. D. E. 54^ 20' W, when the Time by a Chronometer 
was on the 21st 7 h. 50 m. 10 s., which was supposed to be 
fast 2 m. 30 s. on M. T. G., the Obs. Alt. Q was 23° 56' 30", 
I. R + 1' 25", Height of Eye 28 feet, the Obs. Distance 

© a was 82^ 27' 10", I. E. - 1' 28". Eequired 

the Longitude and the Error of the Chronometer on 
M. T. G. 



Dec. E. of T. 
63-37" -SS;* 



(1) To find Approximate M. T. G. 

68-«6 _^ I Time by Chron. 21st T"* 60- 10- 

•43 -027 ! Supposed Error 2 30 



7-8 7-8 



336 816 

S94 189 



I 



M. T. G. by Chron. 2l8t 7 47 40 = 7-8»» 



6 ) 3^ 6)-2i06 (^) '^^ correct the necessary Data, 

SVM* 81^^ ©IteclliiAtloii E.T. })P. D. 

V_!! T^ ' 10°48'61-6"S IS" 1916^ 16' 11-60" 

•07 •001 6' 65-7" 2-99 87" 

*|;J '^ 10°~55'47^2" -15 220^ 16^0-78" 
, 90° 0' 0" 151" 

4264 3064 I Zl _ _ _ 

»73l «68l_ P.D. 79° 4' 13" 16' 25-83" 

60 ) 416-74 2-9874 R. A. M. S. }) R. A. }) Declination )) H. P. 
"TT-V 13fc6»»48-71« 19>'28»69-41« 21° 3' 60-2" 59' 19 71 

• **"' Accn. 1 9K)0 1 67-96 6' 44-2" 3-19 

19 30 blU 20° 67' 6" 8 69' 16*62" 

90° 0' 0" 0-1 



P.D. 


79° 4' 


13" 


R. 


A. M. S. 




13^ 69- 48-71- 


19i 


Accn. 


1 9K)0 
7-72 
•11 


Ti 



14 1 6-64 



P.D. 69'' 2' 64" 69' 16-42" 

K 2 
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)) S. D. 
18' 11-60" 
16' 10-86 " 

1*34 

7-8 

1072 
988 

12 ) 10-452 

•87 



))H.P. 
6V IJKl" I 
ty 14-81 " 
4-9 

392 
343 



)) R. A. 
24-694« 
24-M2 

052 
4-8 

41 
208^ 

12 ) -2496 

•021 ' 



12 ) 88-22 
8-19 

})Dec. 
83-7 
85- 

1-3 I 
4-8 

104 ! 
52_ 

12 ) 6-24 I 

-62 , 

84-22 I 
4- 8 

67376 



Obs. Alt. 
LE. 

Dip 

S. D. 

App. Alt. 
B.-P. 

Tr. Alt. 

Lat. 

©P.D. 



(3) To find ^.T.S. 
23<> 66' 30" 

23° 5V 55" 
6; IT' 

23° 52' 44" 
16' 6" 

24° 8' 60" 

24° 6' 51" 

6° 30' 0" 

79° 4'^3^' 

108° 41' 4" 



Sec 002004 
Ck>8ec 007951 



24573 
4^ 

- 196584 

98292 _ 

60)117-9504 60)4O4'266 
1 57-96 6 41-256 

Par. in Alt. 
)) Tr. Alt. 65*' 18' 67'' 
24 19 



54° 20' 
30*=' 



32" 



Cos 9.765626 
Sin 9-701951 



Appr.App.Alt64 64 38 



24' 10" 

7" 
_ 2" 

24' 19' 24' 43" 



24' 29" 
7-5" 
6-6" 



13' 41" 

Log. H. A. 9-477532 = 4" 25- 

A. T. S. 21st 4'»25-60' 
E. T. -15 22 

M. T. S. 21st 4 10 28 

(4) To calculate )> Alt, 

R.A.M.S. 14" l'"5-54' 
M. T. S. _i_1028 

B.A.Mer.18 1133-5 
})K.A. 19 30 57-4 

}) H. A. 1 19 23-9 (E) Log. H.A. 8-472860 

Colat. 84° 30' 0" Sin 9-997996 

)) P. D. 69^ 2' 64" Sin 997 0292 

27' 



60- 



15 
Colat. -P.D. 



6" 
. 15° 27' 



Log. e = 8-441138 = 19°7'51" 



6" 



I 



Vers. 036137 

8 

19° 7' 51" Vers. 055146 

84 

)) Z. D. Vers. 091376 = 24° 41' 3" 



D Z. D. 

)^ Tr. Alt. 
Par. in Alt. - Ref. 



24° 
90° 



41' 
0' 



3" 
0" 

65° 18' 57" 
24' 43" 



App. Alt. 64° 54' 14" 



(5) To find LA 

! 60° 29' 43" 
8" 
1" 
3" 



60° 29' 65" 



(6) To find App, Dist. 

Obs. Dist. . 82° 27' 10" 
LE. . . -1' 28" 



O S. D. . 
)> S. D. . 

App. Dist. . 



82° 25' 42" 

16' 6-2" 
16' 26-8" 

82° 58' 14" 
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Ids 



Prop. Logs. 
At YI. hrs. 2622 
At IX. hrs. 2625 

Increasing —3 



}) Z. D. 



(7) To clear the Distance 

65° 53' 9" 
24<» 41' 3" 



W 34' 12" LVersine I. 09890 

0App.Alt. 240 8' 50" " ^'^^^^ 

D App.Alt. 64° 54' 14" 



Angle A 



89° 3' 4" 
60° 29' 65" 

149° 32'~59" II. 
28° 33' 9" m. 



, III. 21600 

, IV. 08511 

, V. 75898 

Parts 287 



Pt8. for 
SecH. 
58 
147 
21 
26 
S5 

287 



App. Difit. 82° 58' 14" 
Angle A 60° 29' 55" 



73110 — 
Tr. Di8t. = 82°42' 86" 



143° 
22° 



9" IV. 
19" V. 



(8) To find the Longitude 



True Dist. . 82° 42' 86" 
At VI. hours 81° 43' 42" 



0° 58' 54" 
Ih 47m 43. 
6 

7~47~43 
-1 

7 
4 



Prop. Logs. 
2622 

4852 
- 2230 



47 
10 



42 

28 



CJorr. 

M. T. G. 2l8t 
M. T. S. 2l8t 

Long, in T. . 3 37 14 

Longitude 64° 18' 30" W. 

(9) To find the Error of the Chronometer 

Chronometer Time . 7'' 50" 10" 
M. T. G. . . . 7 47 42 

Error of Chronometer 2 28 fast. 



If the problem you have to solve gives you the observed 
Altitude of the Moon, and requires you to calculate the 
Altitude of the Sun, the operation is, if anything, simpler 
than when you have to calculate the Altitude of the Moon. 

You find Mean Time at Ship by the Moon's Hour 
Angle, and turn it into Apparent Time at Ship by 
the Equation of Time; and that gives you the Sun's 
Hour Angle. You know the Latitude and thence the 
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Colatitude, and you find the Sun's Polar Distance. Calcu- 
late his Zenith Distance and True Altitude precisely as in 
the preceding example. Remember that the Sun's Altitude 
being calculated there is no I. E., Dip, or Semi-Diameter 
to be allowed for, and that to turn True into Apparent 
Altitude Eefraction and Parallax are applied in the reverse 
way. Here is an example of such a problem : 

On March 13th, 1898, at about 7 h. 45 m. a.m., in Lat. 
41** 10' S, Long. (D. R.) 127** 10' E, when a Chronometer 
showed 11 h. 22 m. 12 s., whose error on M. T. G. was sup- 
posed to be 30 seconds slow, the Obs. Alt. 1 (W. of Mer.) 
was 35^ 17' 20", I. E. nil, and the Obs. Distance between 
the Sun and Moon N. L. was 120^ 59' 20", I. E. + 18", 
the Height of the Eye was 24 feet. Required the Longi- 
tude and the Error of the Chronometer. 

(1) To find the approximate M. T. G. 

Rough Ship Time 12th . \%^ 45" Chronometer Time ll*' 22- 12- 

Long, in Time about 8 29 Supposed Error + 30 

Bough Greenwich Time 12th 11 16 M. T. G. by Ghron. 12th 11 22 42 
This M. T. G. is sufficiently accurate to use for correcting data. 

(2) To correct the necessary Data. 

® Dec. i R. A. M. @ Snn's Declination 

69-00" Sid. Time 12th 23«» 20™ 86-87» On l«th 3° 11' 36-4" 

69-08 1 Accforllh 1 48-43 69-02" x 11 -l^ 11' 12-8" 

1 22» 8-61 

•08 I 40. .12 At Sigbts »« 0' 2.1-6" S 

11-4 I ■* 1- 90*' 0' 0" 

4g^:^2 '^ ^ ^^^ Pol. Dist. 86<»69'86" 

?6'^-?8" ^ i A.ifr'^?^^;:^i*ri!fL _ .Equation of lime _. 



1-;J0" 



-688- X ll-4>« 7-a4 



ir e!^ 3)A„gd.S.-D.I.',8-«8" 31oonJMghtAg,j«...._^ 



12)16618 60)672-828 



Horizontal Parallax 24-8068. x 2-27 66-81 



1-3 1112-8 ^**^^"^"^"^*®' J:5j;; At sight. Wn 5-16 

69' 8-29" Moon's Declination 

Reduction 4-9" On mhat ll»» 22<» 29' 37-8" 



Red. Hor, Par. 59' 3-39" 



81-62" X 2-27 3' 5-1" 



At Sights 22*= 32' 42-9" 8 
Pol. Dist. 670 27' 17" 
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185 



E.ofT. 
•685« 
• 696 
1)11 

n-4 

48 )-lg5i 

•0U3 

•685 

-688 

11-4 

2752 
7668^ 
7-8432 

DH.P. 
69' 8-51" 
59' 8-5 4" 
5-03 
11-4 
S012 
5588 
1 2 ) 57-8 42 
4-78 



)) R.A. 
24-797 
24*19 
•052 
2-27 
454 
1185 
12V11804 
■0098 
24797 
24*8068 
2-27 
1736476 
496186 
4 96136 
56-311486 



})Dec. 
81-79" 
^•37 
1-42 
^27 
994 
284 
284_ 
12)8-2284 
•27 
81-79 
81-52 
2-27 
57064 
16304 
16804 



60)1851)504 
3' 5-1" 



(3) To find Mean Time at Ship. 



Ota. Alt. }) 350 17' 20" 
Dip 4' 48" 

85° 12' 82" 
6.-D. 16' 18" 



))App.Alt. 85° 28' 50" 

Corr: In Alt. 46' 38" 

2" 

5" 



})Tr.Alt. 86«15'86" }) Z. D. 580 44'25" 



Lat 41^10' 0" 
P.D. 670 27' 17" 



Sec 
Goaeo 



•133322 
•034527 



144<» 52' 52" 
72^ 26' 26" 
86' W 51" 



Cm 
Sin 



9*479568 
9-771100 
9V108517" 



. H. A. 4»» 8" 15- 
I B. A. 15 11 5 



R. A. Mer. 19 14 20 
RA-IL© 23 22 29 

M. T. S. 12th 19 51 51 



(4) To Calculate Sun's Altitude 



B. A. Mer. 
R. A. M. . 
M. T. S. 12th 
£q. of Time 
A. T. S. 12th 
Colat. 

Pol. Diflt. O 
P.D. -Colat. 



P. D.- Colat. 



. 19 14 20 
. 23 22 29 
. 19 61 61 
. -9 42 
. 19^42 9 
. 48° 60' 0" 
. 86® 69' 36" 
. 38° '9' 36" 
656° 6' 16" Vers 

. 38° 9' 36" Vers 



Z.D. 

Tr. Alt. 
Ref.-Par. 
App. Alt. 



Log. 9-464006 

Sin . 9-876678 

Sin . 9-999402 

6 Log. 9-330086 = 65° 6' 15" 

427616 

60 

213604 

109 



Vers 



. 68° 69' 6" 
90^ 0' 0" 

. 21° 0' 54" 

. 2' 19;' 

. 21° 3' 13" 



641389 = 68° 59' 6' 
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(5) To find Angle A, (6) To find the App. Diet. 

eO*' 0' 0" Obs. Dist. N. L. 120° 59' 20" 

H.P. 69' . 18'46" TableXXX.* I. E. . . +18" 

H. P. 8" . 1" „ „ J S.-D. . . 16' 18" 

Minutes of Alt. 9' 4" „ „ S.-D. . . 16' 7" 
Alt. of . 2" .. 



60*» 18' 63" 



Apparent Dist . 121<' 82' 3" 



(7) To dear the Distance 
Z. D. . 68<' 59' 6" 
}) Z.D. . 63° 44' 25" 



Pts. 



122° 43' 81" Vers 40486 127 



App. Alt. 21° 3' 13" 
D App. Alt. 36° 28' 60" 

66° 32' 3" 
ZA. . 60° 18' 58" 

116° 60' 66" Vers 51397 243 
8° 46' 60" Vers 02160 16 

App. Dist. 121° 32' 8" 
860° 0' 0" ZA . . 60° 18' 6 3" 

181° 60' 56-6" ♦ 181° 50' 56" Vers 99479 

*178° 9' 4-4" 61° 13' 9-6"VerB 18601 41 

Pts. 427 427 

Tr. Dist. = 120° 49' 37" Vers. Tr. Dist. = 12449 

Prop. Loc. (®) ^^ fi*^ ^^ ^^^^^ ^f Chronometer 
At IX. hrs. 2635 True Distance 120° 49' 37" Prop. Log. 

At Xn. „ 2633 I At XL hrs. . 122° 7' 4 1" . 2635 

Decreasing 2 | 1°18' 4" . 8628 

2h 23» 11-6' . 0993 
9 

Approximate M. T. G. . . . 11 23 11*5 

Interval 2" 20- Diff. P. L. 2 CJorr. 0_ Table LIV. 

M. T. G. 12th . . . . 11 23 11-5 
Chronometer .... 11 22 ^2 

Error of Chron 69-5 slow 

(9) To find the Longitude 

M. T. G. 12th .... IP 23- 11-5- 
M. T. S. 12th .... 1961 51 

Long, in Time . . . . 8 28 39*5 
Longitude 127° 9' 62" E 

If a star's Altitude is given, and you have to calculate 
the Moon's Altitude, proceed precisely as in the first case, 
finding Mean Time at Ship by the star's Hour Angle, 
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as you would in a ordinary Longitude by Chronometer 
Problem. Here is an example : 

On November 2nd, 1898, at about 1 h. 10 m. a.m., in Lat. 
28° 17' S, Long. D. K. 90° 0' E, when a Chron. showed 
7 h. 8 m. 10 8., whose Error on M. T. G. was supposed to 
be fast 24 s., the Obs. Alt. of Fomalhaut (W of Mer.) was 
25° 47' 0", I. E. nil; the Obs. Dist. F. L. was 
105° 14' 20", I. E.-l' 12", Height of Eye 28 feet. Ke- 
quired the Error of the Chron. and the Long. 



D S.-D. 
5g->4 
31 

81 
217 



17*16099 



})H.P.' 
61-3" 
89-9 S 

11*88 
71 

1188 
7966 



(1) To ascertcAn Approximate M. T. Q. 



12 )K-01 
1'9S 

D R.A. 
23*S88i 
5*276 

*012 
•77 

12r00924 

*oor" 

22*288 

22-287 
•77 

156009 
156009 



12)60*798 



6*73 

})I>ec. 
4*92" 
8*68 

1-24 
•77 

868 



12)*9548 

•080 
4*92 

ST 
■77 

8888 

8888 

8*7268 



Rough Ship Time, Ist V^ 10» 
Long, in Time . . 6 



Chronometer 
Brror faet . 



7'»8«10« 
24 



Rough Greenwioh Time 7 10 Approximate M. T. G^ Ist 7 7 46 
(2) To correct the necessary Data 



R. A. M. ® 

14»' 48» 10-8- 
1 9 
II 
^1 

14 44 21*0 



Fomalhant*8 R. A. 
22>« 52" 5*5« 



D S^D. 
14' 58-84" 
1-9 2" 

14' 66-42" 
81" 



}) Hor. Par. 
64' 61-8" 
6-73" 

64' 44-57" 
2*5" 



16' 4-5" 



54' 42" 



Fomalliant's Dec. 
30° 9' 27" S 
90-^0' 0" 

P. D. 59° 60' 88" 



D R.A. 
5»« 8» 9-82« 
17*16 

5 3 26*98 



)) Dec. 
24° 49' 86*2'- 
37" 

24° 49' 89-9" N 



}) P.D.I 14° 49' 40" 



(3) To find M. T, S, 



Obs. Alt. Fomalhaut 
Dip. . 



25<*47' 0" 

6' 11" 

App. Alt. 25° 41' 49" 
1'68" 



Bef. 

Tp. Alt. 
Lat. . 
P. D. . 



26° 39' 61" 
28° 17' 0" 
59° 50' 33^' 

113° 47' 24" 
66°^63'T2" 



Z. D. 64° 20' 9' 
Seo -065214 
Cosec 063160 



Cos 9*737332 

31° 13' 61" Sin 9*7 14738 
9-670444 
Fomalhaut's H. A. S^ {S'^Zll* 

R. A. 22 62 6*5 
B. A. Mer. 27 62 43*2 



R. A. M. S 

M. T. S. Ist 13 



27 62 
14 44 21 



8 22-2 
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D Tr.Alt.34«18'44"| 
Appra.Oor. 43' 49"; 

33° 29' 56" 

Approx. Cor. in Alt. 
43' 7" 
34" 
8" 

43' 49" 

Corr. ill Alt. 
43' S6" 
35" 



44' 1" 



(4) To calculate tlie Moon*s Alt. 



B. A. Mer. 
D R.A. 



27'* 52- 43-2« 
6 3 27 



D H.A 22 49 162 
Colat. 61^43' 0" 
D Pol. DiBt. 114« 49' 40" 



Hav 8*373333 
Sin 9-944786 
Sin 9-957882 



P. D. 



Colat. 53*» 6' 40" 
e = 15° 47' 44" 



P. D. -Colat. 63° 6' 40" 

^ Zen. Dist. 
.% D Z. D. 



D Tr. Alt. 
Corr. in Alt. 



$ = Hav 8-276001 

Vers 037703 

59 

Vers 399580 

155 



Vers 437497 

55° 46' 16" 
90° 0' 0" 

34° 13' 44" 

44' 1" 



}) App. Alt. 33° 29' 43" 



(5) To find Angle A. 

60° 16' 15" 

14" 

60° 16' 29" 



(6) Tofindthe App. Dist. 



Obs. Dist. F. L. 
I.E. . 



3) S.-D. 
App. Dist. . 



106° 14' 20" 
—1' 12" 



105° 13' 8" 
16' 4-5" 



104° 58' 3-5" 



(7) To dear tlte Distance. 



Fomalhaut's Z. D. 
Moon's Z. D. 



Fomalhaut's App. Alt. 
Moon's App. Alt. 

L k . . 



App. Dist. 



L A. 



64° 20' 9" 
56° 46' 16" 

120° 6' 25" 
26° 41' 49" 
33° 29' 43' 

69° 11' 32" 
60° 16' 29" 



119° 
1° 



28' 1" 

4' 57" 



60° 16' 29 ' 
104° 68' 3-5" 

166° 14' 32-5" 
44° 41' 34-5" 



I. Vers 01511 



II. Vers 91917 
III. Vers 173 



IV. Vers 66972 
V. Vers 



Pts. 
105 



39 
118 



Parts 274 274 



Tr. Dist. = 104° 28' 6" Vers Tr. Dist = 49843 
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(8) To find the error of the ChronotneUr and Lang. 



Prop. Log. 
3426 
3441 


True Distance 104° 28' 6" 
At VI. hours . 103^ 57' 14" 


Prop. Log. 
3426 


-15 


0° 80' 52" 

!•» 7-56" 
6 


7658 
4232 




Approx. M. T. G . 7 7 56 
Corr. for Difif. P. L. - 4-6 

M. T. G. Ist. .77 51-5 
M. T. S. 1st . . 13 8 22-2 


M. T. G. 7" 7- 51-5' 
Chron. . 7 8 10 



Long, in T. . .60 307 Error fast 18-5 
Longitude 90° 7' 40" E. 



A problem containing a Planet is worked in exactly the 
same way, the only thing to be remembered beiiig that a 
Planet's Declination and Eight Ascension will need cor- 
rection, and that the auxiliary angle A having been found 
in Table XXX., must be corrected by Table L. To do 
this enter Table L. with the Planet's Horizontal Parallax 
at the top, and the Apparent Altitude at the side, and take 
out the corresponding correction, which is always to be 
added to Angle A. 

Here is an example of a distance between a Planet 
and the Moon : 

On July 6th, 1898, at about 3 h. 30 m. a.m. in Lat. 
51° 18' N, Long. D. E. 130° 15' W, when a Chronometer 
showed h. 10 m. s., whose error on M. T. G. was 
supposed to be slow 1 m. 45 s., the Obs. Alt. Mars 
(E of Mer.) was 24° 56' 0", I. E - 1' 5" ; and the Obs. 
Distance N. L. was 90° 13' 50", I. E.-2' 11", Height of 
Eye, 18 feet. Eequired the Error of the Chronometer and 
the Longitude. 
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D 8.-D. D H. P. 

16' S3-8" W 4-42" 

MMie^?" M' 89-05" 

69'/ o* 25-37" 

.<{// '2" 

12)iJ38 12 )5-074 
•11 -42 



D R. A. }) Dec. 
22*891 141-61 
22^826 142-12 



•066 
1-17 



456 
715 



0-51 
1-17 

357 
561 



12 ) -07605 12 ) -6967 



•006 
22-891 



1-17 
160195 



•05 
141-61 



141-66 
1-17 



99162 
155826 



251785 

26-77545 165-7422 
2' 46-7" 

Man' B. A. Man* Deo. 
3h ism 48-35" 17° ir 3-0", 
18 39-96 28' 43-6". 

2 51-61 nUO-6" 

60 60 



(1) To find Approximate M, T. O. 



Bongh Ship Time 5th 
Bough Long, in Time 



W"* 80»» Chronometer Time 0>» 10" 0* 
8 41 Supposed Brror slow 1 45 



Bongh Oreenw. Time 6th 11 App. M. T. G. 6th 11 46 
(2) To correct the necessary IkUa. 



B.A.M.S. 
6^ 57" 57'87« 
1-81 
•12 

6 57 59^8 



171-61 
•2 



700-6 
•2 



24 > 34322 24 ) 140-12 
1-48 6^ 



D B.-D. D Hor.-Par. 
16' 28-8" 60' 4-42" 
•1« -42" 



16' 23-7" 
7-3" 



W 4" 
7" 



Mars' B. A. 

3» 14" 48*35" 

143 

8 15 49-78 



16' 31" 59^ 57" 

Man* Dec. 
17° 17' 3'0"N 
5-8" 



}) B.A. 
21»« 29" 48-24« 
26-78 

21 80 16-02 



}) Dec. 
11° 44' 19-0" S 
2' 45-7" 



17« 17' 8-8" 
90<* 0' 0" 



ll«» 41' 38-3" 
90° (y 0* 



72« 42' 51^2" P.D. lOl* 41' 38*8" 



(3) TofindM.T.S. 

Obs. Alt. Mars 24° 56' 0" 
I. E. . —1' 6" 

24 
Dip 



S..D. 

App. Alt.* 
Ref.-Par. 

Tp. Alt. 

Lat. 

P.D. 



24° 64' 

4' 


56" 
9" 


24° 50' 


46" 
8" 


24° 50' 
2' 


49" 
0" 


24° 48' 
61° 18' 
72° 42' 


49" 

0" 

61" 


148° 49' 
74° 24' 


40" 
50'' 



Seo . 203951 
Cosec '020072 



Coseo 9-429245 



49° 36' 1" Sin. 9*88169 



Mars* H. A. Hav 9*534962 

Mars' H. A. ig** 13" 19-6' 
„ B. A. 3 15 49-8 



B. A. Mer. 22 29 9*4 
B. A. M. 6 57 59-3 

M.T. S. 5th 16 31 101 



(4) To calculate 3) Altitude 

B. A. Mer. . 22'» 29" 9-4' 
J) B. A. . 21 30 15-0 



}) H. A. . 68 54-4 
Colat. . . 38° 42' 0" 
)) Pol. Diet. .101° 41' 33" 



Hav 8-216510 
Sin. 9-796049 
Sin. 9-990894 



P.D. -Colat. 62° 59' 33" Hav 8002458 « 11° 30' 40" 
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CoiT. in Alt, 
61' 3" 
61-5" 
9" 

62'"3-6" 

25° 43' 17" 
62' 3" 

24°~51'l4" 

61' 20' 

52" 
10" 

52'l2" 



6= 0M6- 2-7- 
-11^30' 40" 

P. D. - Colat. = 62° 69' 33" 
Moon's Zen. Dist. 



Vers 020076 

39 

Yen 646760 

143 



Vera 666007 
6817 



.-. D Z. D. 

» Tr. Alt 
Corr. in Alt. 



64° 16' 43" 
90° 0' 0" 

26°l3^T7'' 
62' 22" 



190 



D App. Alt. . 24° 50' 56" 



(6) TofindAngleA, 



H.P.5", 
App. Alt. 24° 60 



'] 



60° 13' 26" 

14" 
1" 



(6) To find App, DUt. 

Obs. Dist. N. L. 90° 13' 60" 
I. E. . . _ 2' 11" 



Prop. Log. 
2406 
2421 

-16' 



60° 13' 42" 



1" Table L D S.-D. . 
Mara* S.-D. 



90° 11' 39" 

16' 31" 

3" 



App. Dist. . 90° 28' 13' 



(7) To clear the Distance 



Mars' Z. D. 
D Z. D . 



Mars' App. Alt 
)) App. Alt. , 

^A. . . 



^A. 
App. Dist. 



66° 11' 11" 
64° 16' 43" 

129°~27'64" 

24° 50' 49'* 
24° 6q;_66^' 

49° 41' 44" 
60° 13' 42" 

109°'55' 26" 
10° 31' 58" 

60° 13' 42" 
90° 28' 13" 

160° 41' 65" 
80° 14' 31" 



I. Vers 35405 202 



n. Vers 40663 
III. Vera 16798 



IV. Vers 71927 

V. Vers 36018 

577 



01378 
True Distance 90° 4' 44" Prop. Log. 
At Noon 



118 
51 



131 
75 

677 



Corr. for Difl. P. L. 

M. T. G. 6th 
M.T. S.5th. 



. 90°21' 37" 
0° 6' 63" 

0" 11» 58-5- 

- 1 



11 
16 31 



57-5 
101 



•2406 
1-4175 

iTtto 

M. T. O. 
Chron. 



O^'ll- 
10 



67-6' 




Long, in T. 



8 40 47-4 Error slow 1 57-5 



Longitude 130° 11' 46" W 
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The following diagram shows what has to be doae in 
clearing the distance.' 




Let N W S E be a figure on the plane of the Horizon, 
z the Zenith, p s the Meridian ; x, the Apparent Sun, 
Planet, or Star raised by Befraction, diminished by 
Parallax, if any, above the True Sun, Planet, or Star at x, 
as its position would be if observed from the centre of 
the Earth ; m^ the Apparent Moon, lowered by Parallax, 
diminished by Eefraction beneath the True Moon at M, 
as its position would be if observed from the centre of the 
Earth. Then x M is the True Distance as given in the 
Nautical Almanac, and x, m^ is the Apparent Distance as 
observed from the position of the observer. What is done 
by the Versine method in clearing the Distance is the com- 
bination of two operations in one formula, namely : in the 
triangle ZMjX,, knowing the three sides ZM, and zx, 
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the complements of the Apparent Altitudes and the 
Apparent Distance x^ Mp the angle at z is found. Then 
in the triangle z x M, knowing the two sides z x and z M, 
the Zenith Distances and the angle z included between 
them, X M the True Distance is found. 
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CHAPTEE XXII 
THE EQUATION OF EQUAL ALTITUDES 

(This problem is not now given in the Board of Trade 
Examination, albeit it is a useful one, and well worthy of 
consideration) 

If you could, with a sextant, ascertain the exact instant 
of the Meridian passage of the Sun you could find your 
Longitude, if you knew the Greenwich date ; or you could 
find the Greenwich date if you knew your Longitude. But 
nobody can observe closely enough with a sextant to get 
within a few minutes of noon, much less ascertain the 
exa.ct moment when the Sun attains his highest Altitude. 
The best means of ascertaining the exact moment of 
transit is to take an Altitude of the Sun some time before 
noon — the longer the better, noting the time by Chrono- 
meter — and then to note the time by Chronometer when 
the Sun has fallen to the same Altitude in the afternoon. 
Half the interval, corrected for changes of DecUnation, is 
the moment of noon. The method of arriving at this is 
called the Equation of Equal Altitudes. It affords a very 
good means of ascertaining a Chronometer's error on shore 
with an artificial Horizon, but it is of little use at sea. 

It may be useful here to state how an artificial 
Horizon is used. Any level reflecting surface will serve 
as an artificial Horizon, but quicksilver forms the best 
material, and small portable artificial Horizons can be 
procured at any nautical instrument maker's. Suppose 
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you are taking Equal Altitude of the Sun. Place the 
artificial Horizon on the ground, or on some solid basis 
where it is not exposed to the wind or to vibration of any 
kind. Seat yourself in such a position that you can see 
the Sun's reflected image in the mercury. With your 
sextant properly shaded, bring the Sun down as you would 
in ordinary practice at sea, and make an accurate contact 
between the lower limb of the Sun reflected in the 
Horizon glass, and the upper limb of that body reflected 
in the mercury. You must use an inverting telescope, 
and it is well to remember that the contact will therefore 
appear to be made between the upper limb of the Sun 
in the Horizon glass, and the lower limb in the 
artificial Horizon. Before contact is quite made when 
the Sun is rising, the two reflections will appear to be 
separating ; whereas if the Sun is falling, the images will be 
approaching each other. Therefore if in your a.m. sight 
the images approach each other, or if in the p.m. sight 
they recede from each other, you will know that you 
are making contact with the wrong limbs. In using the 
artificial Horizon the angle is doubled, and it must there- 
fore be halved to find the observed Altitude. But re- 
member that Index Error, if any, is to be applied to the 
whole angle, and remember also that there is no Dip. 

In an Equation of Equal Altitudes the best plan is to 
set the sextant at a convenient 10' of Altitude. Note the 
instant of contact with exceeding care ; then if the Sun's 
Altitude is changing slowly shift the vernier 10', or if fast 
20', and again note the instant when contact is made. 
Repeat the process till you have taken three or five 
Altitudes. Leave your sextant clamped at the last Altitude, 
and, in the afternoon, watch for contact, note the time as 
before, then move the sextant back 10' or 20' as the case 
may be, for each of the three or five Altitudes. 

VOL. II. L 
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Turn your a.m. and p.m. times into Apparent Time. The 
mean of your a.m. times and the mean of your p.m. 
times, when the Sun had equal Altitudes, will give you an 
interval of elapsed time between sights by deducting the 
former from the latter, remembering of course that 
12 hours must be added to the latter if it is less than 
the former. Do not allow yourself to become fogged 
by ascertaining through the application of the Longitude 
in Time the date which the Chronometer is showing. All 
that the Chronometer has to do is to indicate the interval 
of time that elapsed between the time you took your sight 
in the morning, and the time you took your sight in the 
afternoon. 

Half the interval added to the a.m. time gives you the 
middle time by Chronometer, which would be the instant 
of noon were it not for changes of Declination. Do not 
be tempted to find out what date the middle time by 
Chronometer represents by considering your Longitude in 
Time. 

Correct the Sun's Declination and the Equation of 
Time for the Greenwich date of noon Apparent Time at 
place ; using for this purpose your Longitude in Time. 

Find the diflference between the Sun's Declination 
given in the Nautical Almanac for the day before and for 
the day after your observation. Turn this difference into 
seconds. Enter Table LII., and with the interval take 
out two Logarithms, A and B. Add together Log. A, 
the Log. of the number of seconds in the change of 
Declination, and the Log. Tangent of the Latitude. 
Take out the natural number corresponding to the sum of 
these Logs, and call it the * first part.* 

Add together Log. B, the Log. of the number of 
seconds in the change of Declination, and the Log. Tan- 
gent of the corrected Declination ; take out the natural 
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number corresponding to the sum of these Logs, and call 
this the * second part.' 

Take the sum of the two parts when Latitude and 
Declination are of contrary names ; but take their differ- 
ence when Latitude and Declination are of the same name. 
This sum or difference is to be added to the middle time by 
Chronometer when the Polar Distance is increasing ; or it 
is to be subtracted when the Polar Distance is decreasing. 
The result is the corrected middle time by Chronometer, 
or in other words the exact time by Chronometer when it 
was noon with you. 

You want to find the error of your Chronometer on 
Mean Time at Greenwich, and on Mean Time at place. 

To Apparent Noon at place, which is h. m. s., 
apply the Equation of Time, which gives you Mean Time 
at place ; the difference between this and your corrected 
Chronometer time is the error of the Chronometer on 
Mean Time at place. 

To Mean Time at place apply the Longitude in Time, 
and so obtain Mean Time at Greenwich ; the difference 
between Mean Time at Greenwich and the corrected 
middle time by Chronometer is the error of the Chrono- 
meter on Mean Time at Greenwich. 

If the error of the Chronometer on either Mean Time 
at place or Mean Time at Greenwich is more than six 
hours fast or slow, deduct it from twelve hours, and name 
it slow instead of fast, or fast instead of slow. For instance, 
if it comes out eight hours fast call it four hours slow, 
and if it be eleven hours slow call it one hour fast. 

The rule given above for applying the equation to the 
middle time by Chronometer may have to be reversed in 
the Tropics, because in the event of Latitude and Decli- 
nation being of the same name, and Declination greater 
than the Latitude, the second part may be greater than 

L 2 
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the first part, in which case the equation is to be added 
to middle time by Chronometer when the Polar Distance 
is decreasing, and subtracted when it is increasing. 

Here is an example : 

1898, Sept. 16th, Lat. 50^ 42' 24" N, Long. 1°32' 42" 
W ; the following Times by Chronometer were noted 
when the Sun had Equal Altitude. 

At A.H. Sights At P.M. Sights 
S"- 29" 10* 3" 52- 24- 

8 30 5 3 53 19 

8 30 45 3 53 58 

Eequired the Equation of Equal Altitudes, also the 
error of the Chronometer on M. T. at Place and on M. T. G. 

Dec. E. T. 
Sept. 15th . O** 0- 0* 2° 65' 21-7 " 4« 5406' 
Long, in T.. 6 10*8 5-8 -09 

A.T.G.16th0 6 10-8 2° 55' 16" N -4 5415 



67-85" 
•1 

6-785 

•879 
•1 

•0879 



1st Times by Chron. 2nd Times by Chron. Dec. 

8h 29« lo- 311 62- 24- Sept. 14th 3° 18' 28-4" 

8 30 6 3 53 19 Sept. 16th 2°^' 117" 

8 30 45 3 53 58 ao aoi ift>7" 

3)2^30 3)11 39 41 60 

IstMean 8 30 2nd Mean 3 53 13-6 Change \ 977^ 7ri 
IstMean.S 30 in 2 days j ^'''* ' 

Interval 7 23 JL3-6 

i Interval 3 41 36*8 
IstMean 8 30 

Mid. Time by Chron. 15th 11 36-8 

Interval . 7'» 23» 13-6« (A) 7*7946 (B) 7-5488 

Change of Dec. 2776-7" Log. 3'4435 3-4435 

N. Lat. 60° 42' 24" Tan. 1 0-0871 N. Dec. 2<' 56' Tan. 8-7071 

Ist Part 2114 1-3252 2nd Part -5 . 96994 

2nd Part 5 

Difl. . 20-64 because Lat. and Dec. are of same name 

Middle Time by Chron. Sept. 16th O"* 11" 36-8» 
Equation of Equal Alts. . . + 20-6 (Pol. Dist. increasing) 
Corrected Mid. Time by Chron. 1 ^ -. ~\ 
at Apparent Noon . f U n &/-4 

A. T. S. Sept. 15th . O** 0« 0* M. T. S. 14th . . 23'' 65- 5-8» 
E. T. ... -4 54-2 Long, in T. . .0 6_ 10;8 

M. T. S. 14th . . 23 55 5-8 M. T. G 15th . . 1 166 
Corn Mid T. Chr. 1 5th Oil 6^4 Corr. Mid. T. Chr.l6th Oil 67*4 
Chr. fast on M. T. S. . 16 61-6 Chr. fast on M. T. G. 10 408 
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A star may be observed instead of the Sun, and the 
problem is in that case simpler, because as the star's 
change of Dechnation in the interval is imperceptible, no 
equation has to be added to or subtracted from the middle 
time by Chronometer. 

In taking a star, look upon the Chronometer as merely 
an instrument for measuring the interval in time between 
sights. Half the interval added to the time of your 
sight before the star was on the Meridian gives you the 
time by Chronometer of the star's transit. You have to 
find out the Greenwich date of the star's transit. Proceed 
thus: 

First find an approximately correct Greenwich date 
by deducting Sidereal Time at Greenwich noon (Eight 
Ascension of the Mean Sun) from the Eight Ascension of 
the star. This gives you Mean Time at Ship, which turn 
into Mean Time at Greenwich by applying your Longitude 
in Time. But as a Sidereal Day is four minutes shorter 
than a Solar Day, add to the Mean Time at Greenwich 
thus found an amount of time proportionate to the 
Greenwich date. For instance, if Mean Time at Green- 
wich was three hours you would add thirty seconds, if it 
was six hours you would add one minute, two minutes 
if it was twelve hours, and so on. The proper amount 
to add will be found in Table XXXVITI. This wiU 
give you the Greenwich date very nearly, and quite 
near enough. Accelerate the Eight Ascension of the 
Mean Sun for this Greenwich date, take it from the 
Eight Ascension of the star, and you have the exact 
Greenwich date of the star's transit. 

The diflference between the Greenwich date of transit 
and the Chronometer date of transit is the error of the 
Chronometer on Mean Time at Greenwich. If you 
want the error on Mean Time at Ship turn Mean Time at 



Digitized by 



Google 



160 THE EQUATION OF EQUAL ALTITUDES 

Greenwich into Mean Time at Ship by applying the Lon- 
gitude in Time, and you have it. 

Change of Declination would have to be allowed for 
in the case of planets, and, therefore, fixed stars are 
preferable. And the Moon is so rapid in her vagaries 
that she had better be left severely alone. 

In Equation of Equal Altitude be very careful to 
make perfect contact, to note the Chronometer time to 
parts of seconds, and to ascertain the index error of your 
sextant. This, indeed, should always be done before and 
after sights taken for the purpose of such a delicate 
operation as determining a Chronometer's error and rate. 

Equal Altitudes taken at sea should never be relied 
on for ascertaining a Chronometer's error, because such 
inaccuracies as are bound to occur in the run of the ship 
between sights, even in the best regulated vessel, and 
slight errors in the Altitudes taken by even the most 
talented observer, would throw out your calculations. 

In taking stars with the artificial Horizon some Uttle 
difficulty may be experienced at first in finding the 
reflection of the proper star in the mercury, but a little 
practice will overcome this. I venture to recommend 
yachtsmen, who cannot have constant practice at sea, to 
take occasional observations of the Sun, Moon, and stars 
on shore. An hour spent out-of-doors on a fine clear night 
vdth a sextant, a good watch, and an artificial Horizon is 
not unpleasantly spent ; there are worse ways of getting 
through part of a wet day than in working out a few 
observations, and the practice will prevent him from 
getting too rusty in the use of the sextant and the work- 
ing of problems. 
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CHAPTER XXIII 
POSITIONS OF HEAVENLY BODIES 

You may find it very convenient to be able to ascertain 
the times when Heavenly Bodies occupy certain positions, 
and the positions which Heavenly Bodies will occupy at 
certain times, and you will be required to do so, by cal- 
culation or by inspection of Tables, in the Examination 
Boom. 

You will be asked on the examination papers where 
tables giving the approximate times of the Meridian 
passage of the principal stars are to be found, and whether 
the dates are in Mean or Apparent Time. 

You will find such tables in 
Norie, Table XLIV. pp. 376-381. Apparent Time. 
Raper, Tables 27, 27a, pp. 664, 665. Apparent Time. 

You will be asked also whether the approximate date 
of transit of a Planet can be found in the same way as 
that of a Star. 

The answer is, yes; by taking the Planet's Eight 
Ascension from the Nautical Almanac and deducting 
from it the Eight Ascension of the Mean Sun the Mean 
Time of its Meridian passage is found. 

You will be asked where the dates of Meridian pas- 
sages of Planets can be found. 

The answer is, in the Nautical Almanac for every day 
in the year in Mean Time. 
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You will be asked to describe the Star chart or other 
means for recoghising the fixed Stars and Planets which 
you prefer. 

There are many Star charts and planospheres pub- 
lished, and you should describe that particular one with 
which you are best acquainted. Personally I consider 
English's Star-finder Globe as very much the best and 
simplest instrument for the identification of Stars and 
Planets. 

Problems relating to the position of Stars will be set 
you of the following nature : 

At such and such a time, civil or other, at Ship, in 
Latitude and Longitude so and so, required the approximate 
time at ship when such and such a Star would be on the 
Meridian. 

You vnll be required to find the names (from the 
Nautical Almanac) of the Stars not less bright than a 
certain magnitude that will be within a certain distance 
of your Meridian, above the Pole and above the Horizon, 
at a certain date at ship, the ship's position being also 
given ; and you vnll have also to give approximately the 
Hour Angle East or West of one or more of the Stars, and 
to state whether they will be to the North or South of 
your Zenith when passing the Meridian. 

Having found by a former question the principal Stars 
about to cross the Meridian on a certain date, and in 
Latitude and Longitude so and so, you will have to com- 
pute the approximate observed Meridian Altitude of one 
of them in order to put the angle on the sextant, height 
of the eye and index error being of course given you. 

These problems are all included in this chapter. 

To find the tim-e at which a Star or Planet is on the 
Meridian : 

Find the Star's E. A. Find R. A. M. ©. 
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Then Star's E. A.-K. A. M. © = M. T. S. of Star's 
Meridian passage. 

To find what Stars are East or West of you above 
the Horizon and ahove the Pole, and within a given dis- 
tance of the Meridian, at any given time : 

The data to work with are M. T. S. and E. A. M. 0. 
Then M. T. S. + E. A. M. © =E. A. Mer. Take from the 
Nautical Almanac the bright Stars whose E. A.'s are within 
the given distance ; all those whose E. A.'s are greater 
than the E. A. of the Meridian are East of you, and all 
those whose E. A.'s are less than the E. A. of the Meridian 
are West of you. Any Star whose Dec. is of the same 
name as the Lat., or whose Dec, being of the contrary 
name, is less than the Colat., crosses the Meridian above 
the Horizon. If a Star is below the Pole its E. A. must 
be 12 h. greater or less than the E. A. of the Meridian. 
If App. Time at Ship is given either use the E. A. of the 
App. Sim or apply E. T. to Mean Time. In North Lat. 
Stars whose Decs, are of the same name as Lat. and 
greater, cross North of the Zenith. The reverse holds 
good in South Lat. 

To find the approximate Meridian Altitude of a Star : 

Lat. + Dec, when they are of different names ; or the 
difference between Lat. and Dec. when they are of the 
same name, = Star's Z. D. 90^ -Z. D.=Alt. 

To put the approximate obs, Mer, Alt, upon a Sextant : 

To the calculated Mer. Alt. apply all the corrections 
reversed. Here are two examples : 

1898, March 11th, in Lat. 48^ 30' N, Long 38° 45' W, 
at what time (civil) is Jupiter South, and what Angle 
should be put on the Sextant ? I. E. + 4' 15", Dip for 28 ft. 

To find Greenwich Date 
Mer. Pass, on March 10th . 13" 14- 18* 
Long, in T 2 36^ 

Approx. G. Date 10th 16 49 18 
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To accelerate H. A. M for Gxeemch Date 

R. A. M. at Transit at G. 2S^ 12- 43-8- 
Accel, for 15» 2 27*9 

Accel, for 49™ 8 



B. A. M. at date 23 15 19*7 

To find M. T. S. of Jupiter's Transit 

Jnpiter's B. A. 12*' 29« 9-2« 
B. A. M. O . 23 16 19-7 



M. T. S. 10th . 


. 13 13 49-5 


Or Civil Time 


1 13 50 


To find Approx. Alt. 


Lat. . 


48<»30' 0"N 


Dec. . . 


1<»22' 0"S 


Mer. Z. D. . 


49° 52' 0" N 




90*» 0' 0" 


Tr. Alt. 


40° 8' 0" 


Befn. . 


r 8" 




40° 9' 8" 


S. D. . 


20" 




40° 8' 48" 


Dip. . 


6' 11" 




40° 13' 69" 


I. E. . 


4' 16" 



40° 9' 44" 

The calculated Altitude of Jupiter's L. L. is 40^ 9' 44" 

This is the reading to be put on the Sextant. 

A close approximation of the above Meridian Passage 
can be obtained by taking the Meridian Passage from the 
Nautical Almanac and applying Eetardation to it for the 
Longitude in Time, if in West Longitude as in this case ; 
or by applying acceleration for the Longitude in Time if 
the Longitude is East. 

Thus in the above case : 

Mer. Passage on March 10th . . . IS"* 14" 18* 
Long, in Time 2" 35- (W) Betardation 19*7' 

Mer. Passage M. T. S. . 
Or Civil Time 



5-7 






25-4 


10th 


13 


13 


62-6 


11th 


1 


13 


53 A.if. 


Di 


gitized by V. 


-OOQ 
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1898, August 22nd, in Lat. D.E. 29° 20' S, Long. 117° E, 
at what time (civil) will the Star a Lyrse (Vega) pass the 
Meridian and what should be the Sextant Angle ? I. E. + 
2' 30", Height of the Eye 18 feet. 

To find Approximate M. T. G. 

Vega'BR.A. . . . 18" 33- 32* 
B. A. M. on 22nd • • 10 3 15 

Approximate M. T. S. 22nd 8 30 17 
Long, in T. • 7 48 

Approximate M. T. G. 22nd 42 17 

To accelerate R. A. M. for Qreemnch Date 

B. A. M. at Transit at G. 10>> 3- 15-5* 
Accel, for 42- ... 6*9 







10 3 22-4 


To find M. 


T. S. 


of Meridian Passage 


Vega's R. A. 
B. A. M. 


• 


. is** 33« 82- 
. 10 3 22 


Mer. Passage 


at 22 


Ind 8 30 10 M. T. S. 


Or at 


8 30 10 P.M. on 22nd. 


To calculate the Sextant Angle 


Lat. D. 
Vega's 


B. 
Deo. 


. 29^20' 0"S 
. 38° 41' 14" N 


Mer. Z. 


D. 


. 68° 1' 14" Z. S of Star 
90° 0' 0" 


Mer. Ti 
Bef. 


r.Alt. 


21° 68' 46" Star bearing North 
+ 2' 20" 


Dip. 


. 


22° 1' 6" 

+ 4' 9" 


LE. 




22° 5' 16" 
- 2' 30" 



Angle to be put on Sextant 22° 2' 46" 

(Problems of this nature are required in the Examina- 
tion for First Mate.) 
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To find the tinie at which any Body is on the Prime 
Vertical^ and also its Altitude : 
The rule is : 

(1) Cos H. A. = Cot Lat. x Tan Dec. 

Therefore Log. Cot Lat. •+ Log. Tan Dec. «= Log. 
Cos H. A. 

(2) Sin. Alt. = Cosec Lat. x Sin. Dec. 

Therefore Log. Cosec Lat. + Log. Sin Dec. = Log. 
Sin Alt. 

In the case of the Sun the Hour Angle is, if Westerly, 
Apparent Time at Ship, if Easterly it must be turned into 
a Westerly Angle by deducting it from 24 hours. In the 
case of any other Heavenly Body, the Westerly Meridian 
distance is of course its Polar Angle West, which is 
found, if the Body is East of the Meridian, by deducting 
the Polar Angle East from 24 hours. Then Westerly 
Mer. D. + R. A. = E. A. Mer., and E. A. Mer. - E. A. M. O 
= M. T. S. 

It is well to remember that a Body cannot be on the 
Prime Vertical Unless its Declination is of the same name 
as the Latitude of the obseirver. 

Let NWSE be a figure on the plane of the Horizon, 
z the Zenith, p the Pole, w q e the Equator, x and y the 
positions of the same Heavenly Body when on the Prime 
Vertical East and West of the observer. 

p X z and p Y z are two right-angled spherical triangles, 
of which we know p x or p Y the Polar Distance, and p z 
the Colatitude. By Napier's Circular Parts, which are 
explained elsewhere, it is easy to find the Hour Angles 
z p X or z p Y, or the Zenith Distances z Y or z x. In 
this, as in all cases where the Altitude is calculated, the 
angle to be nut on the sextant can be found as explained 
on p. 153. 
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Thus: 
1st. Cos zpx (H. A.)=Tan pz (Colat.) x Cot p x (P. D.). 
Or Cos H. A. = Cot Lat. x Tan Dec. 
Or Log. Cos Lat. x Log. Tan Dec. = Log. Cos H. A. 

2nd. Cos p X (P. D.) = Cos p z (Colat.) x Cos z x (Z. D.). 

Or Cos z X = Cos p x x Sec. p z. 

Or Sin Alt. = Sin Dec. x Cosec Lat. 

Fio. 97 
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To find the time at which any Body rises or sets : 
The rale is Cos H. A. = Tan Lat. x Tan Dec. Or 
Log. Tan Lat. + Log. Tan Dec. = Log. Cos H. A. 

Remember that if, in North Latitude, the Body rises 
North of East and sets North of West, the Polar Angle 
is more than 6 hours, and of course the same holds good 
if the Body rises and sets South of East and West 
in South Latitude ; therefore, if Latitude and Declination 
are of the same name, the angle found must be deducted 
from 12 hours in order to find the Hour Angle ; and then 
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from the Hour Angle find Mean or Apparent Time 
at Ship in the usual way. 

Fio. 98 

N 




In this diagram, which is drawn on the Plane of the 
Horizon, x represents a Heavenly Body on the Eastern 
Horizon with North Declination, and Y another Body 
having Southern Declination, that is to say, that these 
Bodies are rising. 

We know from the Nautical Almanac the Declination 
of these Bodies, and we know our Latitude. The triangles 
p X z and p y z are each Quadrantal Triangles, in which 
z X and z Y are the Quadrants respectively. 

In the triangle p x z : p x = 90° — Dec ; p z = 90** — 
Lat. ; zx = 90° 

By Quadrantal Spherical Trignometry (see p. 34) : 

Cos z p X = — Cot p z X Cot p X 
or = — Tan Dec. x Tan Lat. 
. • . Log. Cos H. A. = Log. Tan Dec. + Log. Tan Lat. 



Digitized by 



Google 



POSITIONS OF HEAVENLY BODIES 159 

The minus sign shows that the H. A. is greater than 
90'', and the angle taken out of the Tables must be 
subtracted from 180"*. 

Again, in th i triangle p Y z : p y = 90** + Dec. ; p z = 
90^ - Lat. ; z y = 90^ 

Then 

Cos Z P Y = — Cot PYX Cot p z. 

But p Y is greater than 90**, and its Cot is — 
Therefore Cos H. A. = Tan Dec. x Tan Lat. ; 
or Log. Tan Dec. + Log. Tan Lat. = Log. Cos H. A. 

If the Bodies are setting, precisely the same formulas 
apply. 

To find the Altitude of any Body at any given time : 

The data required are Lat., Dec, and H. A. The 
rule is : 

(a) Hav = Hav H. A. x Sin Colat. x Sin P. D. 

(B) Vers Z. D. = Vers (Colat. ^ P. D.) + Vers 0. 

Therefore (a) Log. H. A. + Log. Sin Colat. + Log. Sin 
Polar D. = Log 0. (b) Vers + Vers (Colat. ^ P. D.) = 
Vers Z. D. and 90° - Z. D. = True Alt. 

The easiest way of finding approximately the position 
of the Stars and their times of Meridian passages rising 
and setting is by English's Globe Star-finder, whose use 
is fully described in Vol. I. p. 261. For purposes of Com- 
pass Observations Towson's 'Practical Information on 
the Deviation of the Compass ' contains a useful list of 
stars in the best position for having their Azimuths ob- 
served at diflferent Latitudes for each hour of Sidereal Time. 
Full explanation of their use is given in the book, which 
also contains other tables giving the True Azimuths of the 
Sun, Moon, and twenty-four of the brightest stars. 
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To find the True Lunar Distance at any given 
Greenwich Date : 

Proceed thus. From the Nautical Almanac take out the 
Distance and Proportional Log. at the time next-tess than 
the given time. To this Proportional Log. add the 
Proportional Log. of the difference between the time in 
the Nautical Almanac and the given time. This sum is 
the Proportional Log. of the difference in Distance due to 
the difference in Time. Take out this difference and add 
it to the Distance in the Nautical Almanac if the 
Distance is increasing, and deduct it if the difference is 
decreasing. 

To find the True Lunar Distance at any Greenwich 
Date by calculation : 

The data required are the Decs, and thence the P. D.'s 
of the two Bodies, and the Polar Angle between them. 

Then by Spherical Trigo- 
nometry, having the two 
sides and the included 
angle, find the third side 
which is the Distance. 

Let M be the Moon, x 
the other Heavenly Body. 
PM is the Moon's P. D., 
p X is the P. D. of the 
other Body, and x p m is 
the Polar Angle. The 
formula is : 

(A) Hav = Hav x p M x Sin p x x Sin p m ; 

(B) Vers + Vers (p x '^ p m) = Vers x m, which is the 
Distance. 

Therefore (a) Log. Hav x p m + Log. Sin p x + Log. 
Sin p M = Log. Hav 0, (b) Vers + Vers (p x -^ p m) = 
Vers True Distance. 
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To calculate the Azimuth of any Body when you know 
the LatitudCj Declination^ and Hour Angle : 

The principle is, 1st, with the two sides, namely, the 
Colat. and P. D., and the included Polar Angle, find the 
third side, which is the Z. D. 2nd, with the three sides, 
namely, the Colat., Z. D., and P. D., find the angle at the 
Zenith, which is the Azimuth. 




In this diagram, constructed on the plane of the 
Horizon, x is the position of a Heavenly Body whose Polar 
Distance p x we know, as also its Hour Angle z p x, and 
the Colatitude pz; therefore in the spherical triangle 
p z X we know p x, p z, and the angle z p x, and require to 
find z X. 

(a) Hav 6 = Hav z p x x Sin p z x Sin p x 
(6) Vers z x = Vers 6 + Vers (p x -^ p z) 
.-. (a) Log. Hav. 6 ^ Log. Hav z px +• Log. Sin p z 
+ Log. Sin p X. (6) Vers + Vers (p x '^ p z) = Vers z x. 

VOL. IT. M 
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Then having the three sides p z, p x, and z x, the angle 
p z X is found by the following formula : 

Cos i p z x= VCosec i» z x Cosec z x 



X VSin i (pz + px + zx) xSin {^ (pz + zx + px)— px} 

or Log. Cos i p z x=i [Log. Cosec p z + Log. Cosec z x 
+ Log. Sin i (pz + zx + PX)+Log. Sin j^ (pz + zx + px) 

-PX}]. 

Fio. 100 

N 




Here is another method which may be used if you like. 
It is founded on the following two formulas : 

(a) Tani (Pzx + pxz) = ^Zl'tl^lz) "^ ^^**^^^ 
(6) Ta.i(Pzx-PXz) = |;°i:|-^- ^,f). CotizPX 

Having thus found ^ (p z x + p x z) and i (p z x— pxz) 
it is easy to get the two angles by Algebra ; 

i(PZX+ PXZ) + i(PZX— PXZ) 



(a) 



= i PZX + iPXZ -fi PZX — iPXZ =PZX 
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(6) i (P Z X + P X Z) — i (P Z X — P X Z) 

= i PZX + ^PXZ — i PZX + ^PXZ =PXZ 

which, expressed in words, is : 

(a) Half the difference added to half the sum of two 
quantities is equal to the larger quantity. 

(b) Half the difference subtracted from half the sum of 
two quantities is equal to the smaller quantity. 

By Logs, it works out thus :• 



PX 


o 


n 














P z 





1 n 














Sum 





n 




DifiF. 


o 
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Sum 


o 
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Cos 





Sin 











Diff. 


O ' 
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Ck)s 





Sin 





— 





Z P X 


o 


II 


Cot 





Cot 
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PX Zl 
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II 


Tan 
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Sum 


i(Pzx 


-pxz) 
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n 


PZX 


o 


II 




P X z 


o 


II 


Diff. 













Of course p z x is the Azimuth required. 

I have now, I think, gone through all the problems of 
real practical use in Navigation. Doubtless, many others 
may be worked for amusement, and one or two may 
possibly be of actual service. For instance : How to find 
the Latitude at an a.m. or p.m. Chronometer sight, and 
how to find the Longitude by a sight taken about noon. 

To find the Latitude when you know the Altitude, 
Declination, and Hour Angle of any Body. 

This is a broad Ex-Meridian. The rule is : 

(1) Tan Arc I. = Cos H. A. x Cot Dec. (if Dec. is of 
different name to Lat. the arc so found must be deducted 
from 180** to get Arc I.). 

(2) Sin Arc II. == Sin H. A. x Cos Dec. 

(3) Cos Arc III. = Sin Alt. x Sec Arc 11. 

(4) Colat. = Arc I. - Arc III. 

M 2 
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Therefore 
Log. Cos H. A. 4- Log. Cot Dec. = Log. Tan Arc I. 
Log. Sin H. A. -f Log. Cos Dec. = Log. Sin Arc IL 
Log. Sin Alt. f Log. Sec Arc II. = Log. Cos Arc III. 
Arc I. - Arc III. = Colat. 
90« - Colat. = Lat. 

The diagram drawn on the plane of the Horizon explains 
this. 

Fio. 101 




Let X be a Heavenly Body, then p x is its P. D. and 
z X its Z. D. and p z is the Colat. Drop the perpendicular 
X M on the Meridian n s. 

We want to find p z the Colat., and then the Lat., and 
we know p x, z x and the H. A. x p z. 

(1) In the right-angled spherical triangle pxm, of 
which p M x is the right angle, find the arc P M by Napier's 
Circular Parts, and call it Arc I. 
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Thus : Cos x p m = Tan p m x Cot p x. 

TanPM(ArcI.) = -?^i-;^-^ 
Cot px 

or Tan p m = Cos x p m x Tan p x 

If PX is greater than 90° the arc found must be 
deducted from 180° because it is minus. 

(2) In the same triangle to find x m or Arc II. : 

Sin X M = Sin p x x Sin x p M. 

(3) In right-angled spherical triangle z x M, to find z M 
or Arc III. : 

Cos z X = Cos z M X Cos x M (Arc II.) 

or Cos z M = Cos z X X Sec x m. 

(4) To find p z, the Colat. : 

p M (Arc I.) — z M (Arc III.) = p z (the Colat.) 
90° — p z = the Latitude. 

This problem is all very well to look at ; but as the 
accuracy of the Latitude obviously depends upon the 
accuracy of the Hour Angle, and as that in its turn 
depends upon the accuracy of the Latitude used, it is of 
Uttle practical value. 

To find the Longitude by an Altitude taken near the 
Meridian : 

When the Altitude of the Sun exceeds 70° it is possible 
to get a fairly accurate Longitude at Noon by observing 
equal Altitudes of the Sun within ten minutes on either 
side of the Meridian. If the ship has not changed her 
Latitude in the interval the mean of the time gives the 
Greenwich date of Apparent Noon at Ship, and hence the 
Longitude. If however, the ship has made Northing or 
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Southing, a correction must be applied. It is found in 
this way : 

Sin i Diff. Lat. x Sec Lat. x Cot Az. ss Sin Correc- 
tion ; or Log. Sin i Diff. Lat. + Log. Sec Lat. + Log. 
Cot Az. = Log. Sin Correction. 

This correction turned into time must be subtracted 
from the time by Chronometer if the ship has approached 
the Sun in the interval ; but must be added to it if she 
has gone away from that luminary. 

Latitude by a change of Altitude, — You can find your 
Latitude without reference to the Nautical Almanac by 
observing the change in Altitude of any Heavenly Body in 
a given time when such Body is on or near the Prime 
Vertical. 

Divide the number of seconds in the change of Alti- 
tude by 15 times the number of seconds in the interval of 
time, and you have the Cosine of the Latitude. 

Thus, for an example, suppose that during an interval 
of 2 m. 50 s. the Altitude of a Body near the Prime Vertical 
changes 32'. 

82' = 1920" 2- 60' = 170- x 16 = 2660- 

Cob. Lat. = ]^, or Log. Cos Lat. = Log. 1920 - Log. 
2550 

1920 Log. 3-288d01 
2660 Log. 3*406640 

*9^7676i = Log. Cos Lat. 4^ 9' 35" 
and Lat. is 41° 9' 15" 

If you are observing the Sun it is, perhaps, simplest 
to note the time in which he rises or falls his own dia- 
meter. 
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CHAPTER XXIV 
ADDITIONAL CHART PROBLEMS 

The following problems, though not given in the Board of 

Trade Examination, are very useful, in coasting especially, 

and may, I think, be profitably studied here. They depend 

upon the fact that any chord of any circle subtends the same 

angle from any point 

^,, . \ ^ Fio. 102 

on the circumference 

of the circle on one 
side or the other of 
the chord. Thus in 
the diagram H £ d c 
is a circle, and the 
chord A B subtends 
equal angles at c, D, £, 
or at any other point 
of the circumference 
between a and b round 
by E D G, and also sub- 
tends angles which 

are equal to one another at f, h, k, and all other positions 
on the circumference between b and A round by K h F. 
This being so, it is evident that if we know the angle 
subtended by the chord a b towards D, we must be 
somewhere on the circumference of the circle a e d c B. 
We can easily ascertain the angle subtended by a b by 
measunng the angular distance of ab with a sextant. 
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Now suppose we can get a sextant angle between a and 
another object, or between b and another object. We 
have another angle subtended by a and the third object, 
or by B and the third object, and we know that we are 
somewhere upon the arc of another circle. The point of 
intersection between the two circles must be the position 
of the observer. Thus if a, b, and c are three known points 
of land, and the angles between a and b and between b 

Fig. 108 




and c are observed to be respectively angles equal to a d b 
and b D c, the position of the ship must be at d, because 
the angle a d B shows that you are somewhere upon the 
circumference a e d b, and the angle B d c shows that you 
are somewhere upon the circumference bdfc, your 
position must therefore be at D. 

But how are the circles to be constructed ? Why, in 
this way : First, when the angle observed between two 
points is an acute angle, that is, when it is less than 90**, 
join the two points, and lay off with a protractor the 



Digitized by 



Google 



ADDITIONAL CHART PROBLEMS 169 

complement of the angle observed from each point towards 
the observer; the point of intersection is the centre of the 
circle required. Thus, supposing the angle between two 
points of land a and b to be 55**, the complement of 55° 
is 35°. 

Join AB, lay off from a and b angles of 35° towards 
the observer : Their point of intersection o is the centre 
of the circle required. The protractor will show that the 
angle subtended from any part of the circumference of 

Fio. 104 




this circle which is on the observer's side of the chord a b 
is 55°. 

Next, when the angle between the two points is obtuse, 
that is, when it exceeds 90°. The difference between the 
angle observed and 90° must be laid off at each extremity 
of the line joining A and b in,a direction from the observer. 
The point of intersection is the centre of a circle upon 
some part of whose circumference the observer must be. 
Thus, let the angle subtended by a and B be 130° ; the 
difference between 130° and 90** is 40°. Join ab, lay 
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oflF at A and b, away from the observer, 40**, and with 
centre at o draw the arc of a circle A c B. The protractor 

Fio. 105 




again will show that from any part of A c B the angle 
subtended by A and B is 130'', and the observer must be 
somewhere on thaj arc. 

Fio. 106a 




By constructing, therefore, two of these circles, the 
position of a ship can be accurately ascertained vdthout 
using the compass at all. 
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For instance, supposing the angle observed between A 
and B is 70°, and that between b and c is 40**. o will be 
the centre of the first circle. Describe the arc c A d B ; 
you are somewhere on that arc. o, will be the centre 
of the second circle. Describe the arc beg. You are 
somewhere on that arc, and consequently you must be 
on the point of intersection, namely, at s. 

Again, supposing the angle subtended between a and 
B is 60**, and that between b and c is 120°. o and Oj 

Fio. 105b 




are the centre of the two circles. You are somewhere 
on the circumference of both circles, and your only 
possible position is the point of intersection s. This 
property of circles is also made of use, and of very 
great use, in connection with what is known as the 
danger angle. 

Suppose you are turning up to windward along a coast, 
and a dangerous sunken shoal lying some way off is 
marked upon the chart. By means of the danger angle 
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you are enabled to stand in with perfect security. Proceed 
thus : 

Let A and b be two well-defined positions on the coast 
off which the shoal c lies. 

You do not consider it prudent to approach nearer to 
the shoal c than a quarter of a mile. With your dividers 




draw a small circle round c, no part of which is within a 
quarter of a mile from the shoal. Let d e F be such a 
circle. Join A b and E B. Upon H, the centre point in 
AE, and upon g, the centre point of ab, erect the perpen- 
diculars HK and GK, intersecting at m. With m as a 
centre and a as a radius, describe the arc of a circle a E B. 
Now with a protractor find out the angle subtended by A 
and B from any part of this arc, and you have the danger 
angle. Place this angle on your sextant, and stand in 
fearlessly until you find that the angle on the sextant 
measures the angular distance A B ; you have then 
approached as near as you think prudent, and you must 
stand off again. By this means you can make sure of never 
approaching the danger nearer than a quarter of a mile. 
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CHAPTER XXV 
GREAT CIRCLE SAILING 

(Required for Extra Master) 

A moment's consideration of the fact that the Earth is a 
sphere and that charts are drawn on the assumption that 
it is a flat surface will suffice to convince you that a direct 
line drawn from point to point on a chart would appear a 
curved line on the Globe, and that a direct line drawn 
from point to point on the Globe would appear a curved 
line on the chart. The shortest distance, therefore, 
between two places on the chart is not, unless they are 
both situated on the Equator or on a Meridian, repre- 
sented by the length of a straight line drawn between 
them on the chart, but it is represented by that of a 
curved line which is in fact a direct line drawn from one 
to the other on the Globe. If you steer a Course from a 
to B as indicated by a line drawn from a to B on the 
chart, you will get there ; but, assuming a and b to be 
three or four thousand miles apart, you would have to 
travel a great deal further than if you sailed on the 
Courses indicated by a curved line on the chart which 
represented a direct line from a to b drawn on the Globe. 
The seemingly absurd fact is true that, as far as the chart 
is concerned, the arc is shorter than the chord of the arc. 
The also seemingly absurd proposition is true that if you 
want to get to a place South of you by the nearest road, 
you may have to steer for a time on Northerly Courses, 
or vice versd. 
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Take a chart of the North Atlantic. The Fastnet 
Light is in 51° 23' 18" N Latitude, and Sandy Hook Light 
is in 40** 27' 39" N Latitude. Sandy Hook is, therefore, in 
round numbers, about IV South of the Fastnet. Take a 
bit of string, and stretch it on the chart from the Fastnet 
to Sandy Hook, the string will give you a True Course 
which will be Southerly all the way. Stretch the string 
from the Fastnet to Sandy Hook on a terrestrial globe, 
and you will find that the string shows that you must 
steer towards the North for some time. 

The Equator and the Meridians are the only Great 
Circles on the Globe. If you sail on the Equator due 
East and West, or sail due North and South on any 
Meridian, you are sailing in a Great Circle, and the True 
Course on the Chart and the Great Circle Course are 
identical. But if you sail due East and West on any 
Parallel except the Equator, your True Course on the 
Chart will not be a Great Circle Course. And if your 
Course makes an equal angle with the Meridians it 
cannot be a Great Circle Course. A knowledge of the 
Great Circle Course from one place to another is therefore 
essential to enable you to find out the nearest way of 
getting there. 

The simplest way of ascertaining the Great Circle 
Course is to stretch a string from one point to another on 
a terrestrial globe as already mentioned ; note the 
Latitudes of the points at which the string cuts as many 
Meridians as you please ; plot upon a chart the positions 
thus found; join them and you have the Courses you 
must steer from point to point. The more positions you 
plot off, the more nearly you will approach the direct line 
between the places. But it is necessary for both the 
Board of Trade Examination and for practical navigation 
purposes to be able to calculate this curve. 
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Great Circle sailing is applicable mainly to steam ships, 
which are generally able to keep any Course desired ; but a 
knowledge of Great Circle Sailing may be very useful in 
sailing ships also, not only in indicating the shortest distance 
between two places, but also as showing which is the best 
tack to sail on if you cannot lay your Course. The tack 
which will keep you nearest to the Great Circle will be 
the gaining tack, and it may well happen that the tack 
which on the chart would appear to be the losing tack 
is in reality the gaining one. 

The problem as furnished to you in the Board of 
Trade Examination is in fact exactly what you would 
have to do in practice. You will be given two positions 
which may be two places, or which may be called any- 
thing — I will call them A and B; and their Imtitudes 
and Longitudes will be given. You will be required to 
find the Distance between them on a Great Circle, the 
first Course to steer, the Latitude and Longitude of the 
Vertex or highest point of the curve, and the Course to 
steer between certain positions, which will be indicated on 
the curve. It is needless to say that in practice it is 
impossible to follow accurately a Great Circle curve, as 
such a proceeding would necessitate a constant change of 
Course. Your ship must be steered along a number of 
chords of a number of arcs, altering her Course at con- 
venient intervals. 

It may happen that the Great Circle Course may 
take you into an impracticably high or low Latitude, in 
which case a modification of the system must be adopted. 
Or it may be that land may intervene, in which case 
you will have to sail on the arc of two Great Circles, 
unless your ship is constructed to go on wheels. But the 
principle can be perfectly well explained by considering a 
practicable Great Circle Course between two places. We 
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may just as well take those already mentioned, namely, the 
Fastnet and Sandy Hook. What we have to find out is, 
1st, the distance between the Fastnet and Sandy Hook 
on the arc of a Great Circle ; 2nd, the first Course to 
steer ; 3rd, the position of the Vertex ; 4th, the Courses to 
steer between certain positions on the Great Circle. 

The problem is worked by the solution of a number 
of spherical triangles, as the following figure will show : 

Fio. 107 

P 






Fastnet (f) 




Sandy Hook (8) 


Lat. 


. 61° 23' 18" N 


Lat. 


. 40° 27' 39" N 


Long. 


. 9° 36' 25" W 


Long. 


. 73° 69' 49" W 



To find the Distance. — Let f represent the Fastnet, s 
Sandy Hook, and p the North Pole. The angle F p s 
=64° 23' 24" and is the difference between the Longitudes 
of F and s. 

90° -Lat. of F 51° 23' 18"=.Colat. pf 38° 36' 42" 
90°-Lat. of s 40° 27' 39"=Colat. p s 49° 32' 21" 
We have now two sides p f and p s and the included 
angle f p s, and want to find the third side F s. The 
formula is : 

Hav B = Hav f p s + Sin p k x Sin p b 
Vers F 8 = Vers B + Vers (p r '^ p s). 
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This problem has already been worked out in Double 
Altitudes and in Lunars, but there is no harm in repeating 
it. 

F p • . .64° 23' 24" Log. 9453130 s \oq Viav<^«\V>^ 
PF . . 38° 36' 42" Sin 9-796212 
P8 . . 49° 32' 21" Sin 9881299 

e . . 43° 4' 38" Log. 9129641 fif \oc^ \%o^tM%tf\^^ 

p 8 '-w p F = 10° 65' 39" Vers 018096 

36 

9 = 43° 4' 38" Vers 269440 

127 



F 8 = 44° 34' 39" 287698 

60 566 



2674*66 miles 132 

or, in round numbers, 2,675 miles is the distance from the 
Fastnet to Sandy Hook on the arc of a Great Circle. 

The next thing to find is the first Course to steer, — 
This is the angle p F s. lu this case we have the two 
including sides p F and F s and the opposite side p s. This 
has also been worked already in Double Altitudes, but it 
will bear repetition. The formula is : 
Cob !^|i = CoseoPFxCo8eoF8xSin'J^^-i±i-« xSin("^y ^^^-ps) 

•204788 
-163741 



PF 
F 8 
P8 


. 38° 36' 42" 
. 44° 34' 39" 
. 49° 32' 21" 


2 

Cosec 
Coseo 


Sum . 
i Sam. 


2 ) 132° 43' 42" 

. 66° 21' 51" 


Sin . 



9-961949 

j^Som^^ p 8 16° 49' 30" Sin . . 9*461673 

2 ) 19-782051 

i p F 8 . . 38° 64' 63" Cos . . 9*891026 
2 



77° 49' 46" 



The angle p f s is IV 49' 46", the figure shows that it 
is North and West, and the first Course to be steered is 
therefore N IT 49' 46" W. This seems odd, seeing 
that Sandy Hook is considerably South of the Fastnet, 

VOL. II. N 
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and it very well exemplifies the theory of Great Circle 
Sailing. 

The third step is to find the position of the Vertex, — 
Drop a perpendicular from p on to the Great Circle, and 
where it touches it is the Vertex, which we will mark v. 
p V is the Colatitude of v. If, therefore, we find p v we 
know the Latitude of the Vertex. The angle f p v is the 
difference of Longitude between f and v, and, therefore, if 

Fig. 107 




we find FPV we can find the Longitude of v, as we 
already know the Longitude of F. 

We will find the Latitude first. 

We have the side p f and the angle p f v, or what is 
the same thing, the angle p F s. 

We know, as has been stated in Chapter XVII., that, by 
Napier's Circular Parts, the Sine of the middle part equals 
the product of the Cosines of the opposite parts, and that 
the complement of parts must be used when parts are 
opposite to right angles. The opposite parts to p v are 
p F and p F V, and as they are also opposite to the right 



Digitized by 



Google 



GREAT CIRCLE SAILING 179 

angle p v F their complements must be taken and Sines 
instead of Cosines used. Therefore the formula is : 

Sin p V = Sin p f x Sin p f v 

p F = 38*» 36' 42" Sin 9-795212 
p F V = 77° 49' 46" Sin 9-990127 

p V = 37° 35' 26" Sin 9-786339 

p V is the Colatitude of the Vertex. 90° - 37° 35' 26" = 
52° 24' 34", and we know the Vertex is in North Latitude, 
therefore the Latitude of the Vertex is 52° 24' 34" N. 

Now for the Longitude of the Vertex. The first step 
is to find the Diff. Long, between v and F, which is the 
angle F p v. We can do so by using the same parts as 
before. 

We have pf the middle part (known), pfv an 
adjacent part (known), and the angle fpv the other 
adjacent part (unknown). By Napier's Circular Parts 
the Sine of the middle part equals the Tangents of the 
adjacent parts. In this case all these parts are opposite 
to the right angle p v F, and consequently their comple- 
ments must be used, therefore the Cosine of p f is equal 
to the product of the Cotangents of vpf and pfv. 
The formula is : 

Cos P F = Cot V P F K Cot PFV 

Cos pp 



or Cot V p F = 



Cot PFV 



PF = 38° 36' 42" Cos 9*892870 
p F V = 77° 49' 46" Cot 9333789 

F p V = 15° 25' 47" Cot io-559081 

224 

143 

Long, of F 9° 36' 25" W 

Diflf. Long. 15° 25' 47'^ W 

Long, of Vertex 25° 2"r2" W 

The position of the Vertex is in Lat. 52^ 24' 37" N 
and Long. 25° 11' 12" W. 

N 2 
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Before proceeding further it may be noted that although 
Sandy Hook is considerably to the Southward of the 
Fastnet, the direct Course has been to the Northward all 
this time. Imagine a ship taking her Departure from 
the Fastnet bound to New York, her True Course by the 
chart would be S 80° W. But the proper Course 
for her to steer would be N 77° 49' 46" W ; or suppose 
again that the wind was right ahead, it would appear a 
matter of indifference upon which tack she sailed, but 

Fio. 107 




as a matter of fact the port tack would be her gaining 
and the starboard tack her losing tack. To return to the 
problem. 

We have now got three positions on the Great 
Circle, namely, the two ends and the Vertex, but to draw 
the curve we must obviously fix some other positions upon 
it. It will be amply sufficient to plot them at about 10° 
of Longitude apart. Our first known position f being in 
9° 26^' W., we will plot the next position at 20° W., the 
next at 30° W., and so on. 
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The angle v p c is the Diflference of Longitude between 
c and V. Then in the right-angled triangle v p c we have 
the side p v and the angle v p c, and we want to l&nd p o, 
which is the Colatitude of c. The only diflference between 
finding p c and finding p v, which we have already done, is 
that in the latter case the known angle was opposite to the 
side required to be found, while in this case it is adjacent 
to it. 

To find V p c : 

Long, of V = 25° 11' 12" W 
Long, of c = 20° 00^ 00^^ W 

Therefore v p c « 6° 11' 12" W 

By Napier's Circular Parts Sine of the middle part 
equals the Product of Tangents of the adjacent parts ; 
but the middle part v p c is opposite the right angle p v c, 
as also is the unknown side PC, therefore their comple- 
ments must be taken. So we have the formula : 

Cos V p c = Tan p v x Cot p c 

orCotPC = <^M15 
Tan p V 

V p c = 5° 11' 12" Cos 9-998218 
p V = 37° 35' 26" Tan 9-886402 

(Colat.) p c = 37° 42' 16" Cot 10-111816 

90° - 37° 42' 16" = 52° 17' 44" ; therefore the position of c is 
Lat. 52° 17' 44" N and Long. 20° W. 

To find the positions D, E, f, and g. 

Proceed precisely in the same way. It is obvious, 
however, that in finding the Polar Angle v p D and the 
Polar Angle of the other positions, the Diflf. Long, is 
to be added to the Longitude of v instead of being taken 
from it. 

Plot the positions c, D, E, f, and g on your chart, and 
starting from the Fastnet, draw a curve through them to 
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Sandy Hook, and you have a direct line from land to 
land. 

To find the Course to steer from position to position. — 
Do it by Mercator's Sailing, or by the Traverse Tables, 
or draw it on the chart. If you want to l&nd the Course to 
steer over shorter distances, you must plot down positions 
nearer together. This constitutes the whole theory of 
Great Circle Sailing and the construction of an arc of a 
Great Circle. 

It does not, of course, always happen that a per- 
pendicular dropped from the Pole on to a Great Circle will 
touch it between the two places specified, as was the case 
in the example we have worked. The perpendicular may 
fall outside of the places specified, in which case the 
Vertex also is outside of them, and the Difference of 
Longitude between the two places will be less than the 
Difference of Longitude between the Vertex and the place 
furthest from it. 

Suppose you are given two positions A and b and want 
to find the Great Circle Track between them. You would 
proceed to draw a figure as in the preceding case, but 
when you began to work it you would find that the Vertex 
V was nearer the Pole than a or b. You would then 
reconstruct your figure, and it would take the shape of 
diagram on next page. 

The work would then proceed exactly on the lines 
already mentioned. You have the two Colatitudes pa 
and p B and the Difference of Longitude A p B wherewith 
to find the third side b a. With the three sides pa, ab, 
and p b you can find the angle at a, which is the first 
Course, 

With the angle at A and p A you can, by Napier's 
Circular Parts, find pv, which is the Colatitude of the 
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Vertex, whence you get the Latitude of the Vertex. With 
the same two parts, namely, the angle a and p a, you can 
find, by Napier's Circular Parts, the angle v p a, which is 
the Difference of Longitude between a and v. Knowing 



Fio. 108 




the relationship of these positions and parts to each other, 
you can, as in the example worked above, find the Latitude 
and Longitude of as many positions as you think necessary 
to enable you to draw that portion of a Great Circle from 
V to A which passes though B. 
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Here is an example : 



(A) Gape Guardafui Lat. IV 50' N 

(B) Swan River, Australia Lat, Sl'^ 67' 24" S 



Long. 61«>16'E 
Long, lis*' 61' 42" E 



To find Distance k b 

AP= 90*» + ir 60' = 11«60' 
B p = 90° - 31° 57' 24" « 68° 2' 86" 
A p B = 116° 61' 42" -61° 16' 0" 
= 64° 36' 42" 

APB 64° 36' 42" Log. 9-465696 
A p 101° 60' 0" Sin 9-990671 
BP 68° 2' 36" Sin 9928626 

e 68° 16' 30" Log. 9-374892 
AP-BP = 43°47'24" Vers 
#=68° 16' 30" Vers 



AB = 76°89'26" Vers 
60 

4539-4 miles 



278038 
81 
474033 
124 

752276 
166 

121 



To find VAB the First Course 



p A 101° 60' 0" 
AB 76° 39' 26" 
B p _68^ 2' 36" 

2) 236° 32' 2" 

117° 46' 1" 

59° 43' 26'"' 



Coseo -009829 
Cosec '013752 



Sin 
Sin 



9-946870 
9-936314 



JPAB = 26° 8' 33" 
2 

let Course 

PAB = S62°17' 6"E 



2 ) 19-906265 
Cos 9-953132 



To find LaHtude of Vertex 

To find TV the ColaU of Vertex 

In Right-angled Triangle pay 

Sin p V = Sin pax Sin p a v 



p A 101° 60' 0" 
PAY 62° 17' 6" 



Sin 9-990671 
Sin 9-898212 



P V 60° 44' 15" Sin 9-888883 
90° 0' 0" 8 



Lat. Vertex 39° 16' 46" S 



26 



To find Longitude of Vertex 



In Right-angled Triangle pay 
Cos V p A ■ Tan pyx Cot a p 



PY 60° 44' 15" 
p A 101° 60' 0" 



76° 
180° 



8' 63" 
0' 0" 



Tan+ 10-087566 
Cot- 9-321 222 

Cos- 9-408788 
969 
181 



YPA = 104°51' 7" 
Longitude of a . 

YP A 

Longitude of Vertex 166° 7' 7" E 



61° 16' 
104° 51' 



0"E 

7" 



To find Positions of c, d, e, p, g, and h in Longitudes 
65°, 66°, 75°, 85°. 95°, and 105° E respectively 



Long, of Vertex 166° 7' 7" E 
Long, of c . 55° 0' 0" E 
(1) YPC . . l6l°7'~7" 



(3) Y p B 

(4) Y p p 



81° 7' 7" 
71° 7' 7" 



Long, of Vertex 157° 7' 7" E 
Long, of D . 65° 0' 0" £ 
(2) Y p D . . 91° 7' 7" 



(5) Y p o 

(6) Y P H 



61° 7' 7" 
51° 7' 7" 



Digitized by 



Google 



GREAT CIRCLE SAILING 



185 



(1) To find Position of c 

In Bight angled Triangle c p y 
Cos c p V = Tan p v . Cot p o 

Cob c p y 



(2) To find Position of d 
In Bight-angled Triangle v p n 



Cot p c = 



Tanp V 



Cot P D = 



Cos V P D 
Tanpv 



Fig. 108 




c p V 101« r 7" 
PY 60^ 44' 16" 

p = 98° 57' 32" 
90® 0' 0" 



Cob- 9-285199 
Tan+ 10087566 

Cot - 9-197633 



Lat.c= 8°5r32"N\ 
Long. = 55° 0' 0"E; 



V p D 91° 7' 7" Cos - 
pv 50° 44' 16" Tan + 

89° 5' 9" Cot - 
180° 0' 0" 

p D = 90° 54' 51" 
90° 0' 0" 
Lat.D~0°64'61"N\ 
Long. D 66° 0' 0"E/ 



8-290629 
10-087566 

8-202963 
4126 
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(3) To find Position of e 
In Bight-angled Triangle v p s 



Cot P E = 



Cos V P E 
Tan p V 



(4) To find PoHHon of v 
In Bight-angled Triangle v p f 



CotPF = 



Cos y p F 
Tan p V 



Fig. 108 




V p E 81° 7' 7" Cos + 9-188618 

p V 50° 44' 15" Tau+ 10087566 

82^ 48' 27" Cot + 9*101052 

90^ 0' 0" 504 



Lat. E 7° 11' 33" S 1 
;. E 75° 0' 0" E J 



452 



Long. 



V p F 71° 7' 7" Cos + 9-610022 

pv 50° 44' 15" Tan + 10-087666 

76° 11' 1" Cot + 9-422466 

90° 0' 0" 63 

Lat. F 14° 48' 59" S i '^ 
Long. F 86° 0' 0" E ] 
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(6) To find Position of a 

In Bight-angled Triangle v p o 

r.^* Cos V P Q 





Tan V p 




V p o 61° T 
V p 50° 44' 


7" Cos 
15" Tan 


9-683945 
10087666 


p o 68° 27' 
90° 0' 

Lat. o 21° 32' 
Long. G 95° 0' 


21" Cot 
0" 

39" S 1 

0"E] 


9-696379 
508 

129 



(6) To find Position of u 
In Bight-angled Triangle v p h 

C0tPH = ^lIiL? 

Tan V p 

V p H 51° 7' 7" Cos 9-797759 
V p 50° 44' 15" Tan 10087566 

p H 62° 60' 17" Cot 9-710193 
90° 0' 0" 282 

Lat.H '27°"9'T3" S\ 89 

Long. H 105° 0' 0' EJ 



Composite Great Circle Sailing: 

Composite Great Circle Sailing consists of sailing oh a 
Great Circle course as much as you can and doing without 
it when you cannot help yourself. You may want to 
sail, say, in South Latitude from a to b, but the Vertex 
of the Great Circle connecting these places might lie too 
far to the South to be navigable throughout. You would 
therefore take as a Vertex the furthest point South to 
which you would think it advisable to sail. 




With the Colatitude of A, that is p a, and the Colatitude 
of the Vertex, which is p v, calculate by Napier's Circular 
Parts the angle v p a, which is the difference of Longitude 
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between a and the Vertex. That is the position of the Vertex ; 
plot it down on the chart. Then with the Colatitude of B, 
that is p B, and the Colatitude of the Vertex p Vp calculate, 
by Napier's Circular Parts, the angle B p v,, which is the 
Diflference of Longitude between b and Vp and you get the 
position of the other Vertex ; plot it down. Then with 
the first Vertex and a construct a Great Circle, and with 
the second Vertex and b construct a Great Circle by the 
methods already fully explained. Now. sail along your 
first Great Circle from a to the first Vertex, then along the 
parallel till you strike the position of the second Vertex, 
and then along the Great Circle to B, and there you are. 

Here is an example worked : 

Required the Distance between Cape Sima (Japan) and 
San Francisco by Composite Great Circle Sailing, the 
Latitude attained not to exceed 45° N. 

(A) Cape Sima . Lat. 34° 17' 0" N Long. 136° 64' 0" E 

(B) San Francisco . Lat. 37° 48' 30" N Long. 122° 28' 42" W 




In the diagram let a be the position of Cape Sima and 
B that of San Francisco. Let p be the North Pole, p v 
and p V, perpendiculars dropped on the arcs of two Great 
Circles a v and PVj, and vVj a portion of the Parallel of 
45^ N. 
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The p V A and p Vj B are, of course, right angles. 

(1) To find Angle a p v and Arc a v 

In the Bight-angled Spherical Triangle a p v, by the use of Napier's 
Giroular Parts : 

Cos A p V = Tan p v . Cot p a 

P V (the Colat. of v) = gO** - 45" 0' 0" = 45*' 0' 0" 
P A (the Colat. of a) = 90" - 34° 17' 0" = 56*^ 43' 0" 

p V = 45° 0' 0" Tan 10000000 
p A = 55° 48' 0" Cot 9-833611 

A p V = 47° 1' 16" Cos 9-833611 
Cos p A = Cos p V . Cos A V 

Therefore Cos AV = ^°^^^ 
Cos p V 

PA = 55° 43' 0" Cos 9-750729 
P V = 45° 0' 0" Cos 9-849485 

A V = 37° 11' 34" Cos 9-901244 

To find Position of v 

Long. A = 136° 54' 0" E 
A p V = 47° 1 '16" 

Long. V = 183 ° 55' 16 " E 

„ =176° 4'44"W 

Lat.v= 45° 0' 0"N 

To find Angle v, p b and Arc v, b 

In the Right-angled Spherical Triangle v, p b, by (he use of Napier's 
Circular Parts : 

Cos V, p B « Tan p v, , Cot p b 

PV, (Colat.ofv,) = 90°-45° 0' 0" - 45° 0' 0" 
P B (Colat. of B ) = 90° - 37° 48' 30" = 52° 11' 30" 

p V, = 45° 0' 0" Tan 10-000000 
P B =52° 11' 30" Cot 9-889813 
V, p B = 39° 6' 43" Cos 9-889813 
Cos p B = Cos p V, . Cos V, B 

ThereforeCosv,B = ^?-^^;-^ 

P B =52° 11' 30" Cos 9-787476 
P V| = 45° 0' 0" Cos 9-849485 
V, B = 29° 53' 41" Cos 9-937991 

To find the Position of v, 

Long, of B = 122° 28' 42" W 
V. p B = 39° 6' 43 " 

Long, of V, = 161° 36' 25'' W 
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From V to v, the ship must sail along the Parallel of 45° N. To find 
what that distance is we must turn the DifiF. Long, between v and v, into 
Departure. 

Long. V = 176° 4' 44" W 

Long. V, = 161° 35' 25" W 

Diff. Long. « 14*> 29' 19" 
60 



By Parallel Sailing : 

Departure 



B69-3 



Diff. Long. X Cos Lat. 
869-3 X Cos 45° 



Lat. 45° 0' 0" Cos 9-849485 
Diff. Long. 869-3 Log. 2-939170 



V V, = Departure 614-7 



Log. 2-788655 




Then we have 

A V = 37° 11' 34" 
60 



V, B = 29° 53' 41" 
60 



= 2231-6 miles - 1793-7 miles 

and y V, •> 614-7 miles 

The sum of these is the whole Distance to be sailed : 

A V = 2231-6 
V V, = 614-7 
V, B = 1793-7 

Total Distance 4640-0 miles 

To find the positions you desire on the two arcs a v and v, d proceed as 
in the first example. You will find the angles pay and p b v, by Napier's 
Circular Parts. Thus : 

(a) Cos PAY- Cot pax Tan a v (6) Cos p b v, = Cot p b x Tan b v, 
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If land or shoals are on the arc of a Great Circle 
between two places, you must sail on the arcs of two 
Great Circles in this manner. Calculate one arc of a 
Great Circle from your point of Departure to a position 
clear of the land or shoal, and then the arc of a second 
Great Circle from that position to your destination. 

Thus, in the diagram : 

Fig. 110 

p 




A 

Let A be your point of departure and b your destination. 
The arc of a Great Circle joining these two places is a d b, 
but you cannot sail on it because a point of land c is in 
the way. Your best plan is to sail on the arc of a Great 
Circle A c as far as c, and then on the arc of another Great 
Circle between c and b, your destination. You will have 
to calculate these two arcs in the ordinary manner. 

Here is an example : 

Eequired the nearest navigable distance from C. 
Sirotoko, in Yezo Island, Japan, in Latitude 44° 18' N 
and Longitude 145° 23' E, to Eobert's Point, British 
Columbia, in Latitude 49° 0' N and Longitude 123° 5' 30" 
W, it being necessary, in order to avoid the Fox Islands, 
to sail on the arcs of two Great Circles, namely, from C. 
Sirotoko to a point in Latitude 40° N and Longitude 
170° W, and from that point to Kobert's Point. 
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In the diagram let A be the position of C. Sirotoko, 
B that of Robert's Point, and c the position through which 
the arcs of the two Great Circles must pass. 



To calculate ▲ c 

p A the Colat. of a - 90° - 44° 18' 0" = 45° 42' 0" 
p c the Colat. of c = 90° - 40° 0' 0" = 60° 0' 0" 
A p c the Diff. of Long, between a and c 

146° 23' E and 170° W ^ = 44° 37' 0" 

or 190° E 



1=44° 



A p c 44° 37' 0" Log. 9158631 

p A 46° 42' 0" Sin 9-854727 

p c 60° 0' 0" Sin 9-884254 

e 32° 38' 62" Log. 8-897612 




•002815 

•157861 

135 



c - p A 4° 18' 0" Vers 
e 32° 38' 52" Vera 

A c = 32° 56' 44" Vers -160811 

60 696 

A c = 1976-7 mUes 116 



To calculate c b 

PC =50° 0' 0" 

p B the Colat. of b = 90° - 49° 0' 0" = 41° 0' 0" 
c p B the Diff. of Long, between c and b 1 lao KJt ann 
170O W - 123° 5' 30" W | - *o o* 3U 



c p B 46° 54' 30" 
p c 60° 0' 0" 
p B 41° 0' 0" 

e 82° 46' 42" 



Log. 

Sin 

Sin 

Log. 



9-199800 
9-884254 
9-816948 

8-900997 
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p c - p B 9° 0' 0" Vera 012312 

fl 32° 46' 42" Vers 169118 

111 



c B = 34° 3' 33" Vers 171641 
60 451 

c B = 2043-5 miles 90 

. A c = 1976;7 „ 
Distance = 4020'2 „ 

The above described methods of plotting Great Circle 
curves and finding the courses to steer are, I think, the best 
and simplest that can be employed. Other plans recom- 
mended in the Epitomes, using Latitude instead of Colati- 
tude, and so on, may perhaps be a trifle shorter ; but they 
are confusing. They do not carry the principle on the face 
of them. The method I have given consists entirely of a 
series of solutions of spherical triangles. You know what 
you have to do, you see what you are doing, and as long 
as you remember how to use Napier's Circular Parts you 
cannot possibly make a mistake. 

Perhaps the easiest way of practising Great Circle 
Sailing is by the use of a terrestrial globe and a piece of 
thread. All you have to do is to place one end of the 
thread on your point of Departure and draw the thread 
tightly across to your point of Destination ; the thread 
now forms the arc of the Great Circle between the two 
places, and the points where it crosses the different Meri- 
dians may be transferred to a Mercator's Chart. Or the 
angle formed by the thread and any Meridian may be 
ascertained by a protractor. 

In the case of composite Great Circle Sailing the 
thread comes into use again thus : with one end on the 
point of Departure move the thread until it touches at a 
tangent the limiting Parallel ; again, with the end of the 
thread on the point of Destination, find where the thread 
touches at a tangent the limiting Parallel; you sail on 
your line of thread to the limiting Parallel, then along 

VOL. II. o 
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the Parallel till you come to the point where the thread 
from the point of Destination touched it, and thence along 
the thread to the Destination. 

To facilitate the practice of Great Circle Sailing, 
methods of abbreviating the work by graphic- and tabular 
systems have been pubhshed by Airy, Chauvenet, Fisher, 
Sigsbee, and others ; but I have reason to believe that 
the little manual on the subject by Towson is more 
generally adopted in the British Mercantile Marine, and 
better known to the Board of Trade Examiners, than any 
other. It combines the graphic and tabular methods, and 
there is a full explanation given in it of how it is practi- 
cally worked. It would be well therefore for the aspirant 
to Board of Trade honours to purchase and read the 
work. 
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CHAPTEE XXVI 

MAGNETISM AND THE CAUSES OF AND 
COMPENSATION FOR DEVIATION 

(Bequired for Extra Master) 

There are natural Magnets and artificial Magnets. For 
instance, the Globe is a natural Magnet; a Compass 
Needle is an artificial Magnet. Every Magnet, however 
large, or however small, consists of two Poles. One is called 
the Positive and the other the Negative Pole. The Positive 
Pole and the Magnetism appertaining to it is designated 
by the colour Blue ; the Negative Pole and its Magnetism 
by the colour Bed. The North Pole of the Globe is its 
Positive Pole, and the South Pole is its Negative Pole. 
The Magnetism due to the North Pole is therefore Blue 
Magnetism, and the Magnetism due to the South Pole is 
therefore Bed Magnetism. 

Soft iron is easily magnetized, but it quickly loses its 
Magnetism. Hard iron is not easily magnetized, but it 
never loses all its Magnetism. 

A Compass Needle is made of a thin steel bar, or bars, 

o 2 
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magnetized ; it becomes a permanent Magnet. It is 
magnetized either by percussion when held in the line 
of the * Dip/ hereafter explained, or by friction with 
another Magnet, or by being placed within a coil of 
copper wire through which a current of electricity is 
passed. 

For the Board of Trade Examination you may be 
required to describe how to magnetize a steel bar or 
needle. The ordinary method is to place your steel bar or 
needle on a flat surface ; then take an ordinary horse-shoe 
Magnet and place one of its ends or Poles on one end of 
the bar or needle to be magnetized, and, with some 
pressure, draw it to the other end, taking care that the 
bar or needle is not touched by the other Pole of the 
horse-shoe Magnet in the operation. Next place the 
other Pole of the horse-shoe Magnet upon the centre of 
the bar or needle, and draw it to the end of the bar or needle 
from which you have originally started, that is, in the 
reverse direction. Do this several times, and then repeat 
the whole operation in exactly the same order, turning 
the bar or needle round occasionally till you have 
magnetized it sufficiently for your purpose. 

The Compass Needle has, like every other Magnet, its 
Positive or Blue, and its Negative or Bed, Poles. One 
property of Magnets is that their Poles attract or repel 
each other : unlike attract, and like repel. Therefore the 
Positive or Blue Pole of one Magnet attracts the Negative 
or Bed Pole and repels the Positive or Blue Pole of 
another Magnet. Consequently the Positive Blue Pole 
of the Globe attracts the Negative Bed Pole of the 
Compass Needle. The end of the Compass Needle which 
points to the North is sometimes called the North end or 
Pole. This is a misnomer, and one calculated to create 
confusion of mind. It is the North-seeking end of the 



Digitized by 



Google 



COMPENSATION FOR DEVIATION 197 

Needle, and it is, of course, the South or Eed Pole that 
points to the North. 

The North-seeking Pole of the Needle does not point 
due North ; it points to the Magnetic North. The North 
Magnetic Pole of the Earth is supposed to be situated in 
about 70° North Latitude and 97** West Longitude, and 
the South Magnetic Pole in 74^* South Latitude and 147° 
East Longitude. The difference between true North and 
South, and the Northerly or Southerly direction in which 
a Compass Needle, unaffected by Deviation, points, is the 
Variation of the Compass. 

A Needle unaffected by Deviation will, if freely sus- 
pended, lie in a Horizontal plane when situated on the 
Magnetic Equator. 

At the Magnetic Poles of the Globe it assumes a 
Vertical position, pointing straight down. 

Anywhere between the Equator and the Poles it 
assumes a certain inclination to the Horizontal dependent 
upon the Latitude, or, to be more accurate, the Magnetic 
Parallel upon which it is situated. This inclination to 
the Horizontal is called the * Dip.' 

An ordinary Compass Needle is mechanically prevented 
from dipping in ordinary Latitudes. A Needle perfectly 
free to move in any direction is called a ' Dipping Needle.' 
Such a Needle will anywhere in North Latitude point 
towards the North and downwards ; in South Latitudes 
the inclination will be towards the South and downwards. 
It is evident, therefore, that the attractive force which the 
Blue Pole of the Globe exercises upon the Eed Pole of 
the Needle may be considered a composite force ; and for 
convenience sake it is resolved into two component forces, 
one acting Horizontally, and the other Vertically. The 
first is call the Horizontal component, the second the 
Vertical component. 
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To resolve a single force into its two components. — 
Let A B represent the direction and amount of the Earth's 
Magnetic force for a certain Magnetic Latitude. From 
A draw the Une A c horizontal and the line a d vertical, 
and of such length that on joining c b and d b the angles 
at c, B, and d are right angles, a b c d is therefore a 
Parallelogram, the sides a c and d b are equal, as also the 
sides A D and c b. By the law of the * Parallelogram ' of 
forces, A B is resolved into two forces A c and a d, both of 
which combined equal AB in magnitude and direction. 
On the other hand, if you know the value of a c and c B, 
you can convert them into a single force, A B acting in a 

Fio. Ill 




direction which makes with the horizontal the angle of 
the Dip CAB. If, therefore, you know the direction of 
the Dip, and represent the force by a certain length of 
line, you can determine the force of the Horizontal and 
Vertical components by solving a right-angled plane 
triangle, or by the Traverse Tables ; and equally if you 
represent the Horizontal and Vertical forces by lines a b 
and c B, whose lengths are proportional to these forces 
respectively, you can find the direction and magnitude of 
the earth's Magnetic force. 

On the Magnetic Equator, where the Vertical com- 
ponent vanishes, the Earth's Magnetic force is in a Hori- 
zontal direction; and at the Magnetic Poles, where the 
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Horizontal component vanishes, it is in a Vertical direc- 
tion. Anywhere else the two components bear relations 
to each other dependent upon the Magnetic Latitude, 
which relations are indicated by the angle of the * Dip.' 

In Latitude 45*" N and Longitude 40° W, in the year 
1895, the Magnetic Dip was 72'', therefore the Horizontal 
component is to the Vertical component in the proportion 
of 1 to 3-1, very nearly, or more exactly, Cot 72°. If you 
are interested in the subject, you will find a chart in the 
Admiralty Manual containing lines of equal Magnetic Dip. 

In studying this complicated and obscure subject of 
Magnetism, bear in mind that you are dealing at one and 
the same time with three facts or phenomena, the effect 
of terrestrial Magnetism upon the Needle, the effect of 
terrestrial Magnetism upon the Ship, and the effect of the 
Ship's Magnetism upon the Needle. 

A wooden ship, though doubtless, like all other objects, 
a Magnet, exercises an amount of attractive force too 
slight to be practically perceptible. But a Ship built of 
steel or iron becomes, during construction, a Magnet 
powerful enough to influence the Compass Needle con- 
siderably. An iron or steel bar can, as has already been 
stated, be turned into a Magnet by percussion, and a Ship 
built of iron or steel becomes magnetized by the percussion 
due to riveting and other hammering in the course of 
construction. Though some of this Magnetism is lost in 
the course of time, some of it lasts as long as the Ship 
does, and for that reason this Magnetism in the Ship is 
called Sub-permanent Magnetism. 

Sub-permanent Magnetism is, of course, derived from 
the Magnetism of the Globe, and its character and dis- 
position in a Ship depends upon the position of the Ship's 
Head when building. If a Ship is built Head North, the 
fore portion of the Ship which is towards the Blue Pole 
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of the Globe becomes a Eed Pole; it acquires Bed 
Magnetism, and the after part acquires Blue Magnetism 
and becomes a Blue Pole. If she is built Head South, 
the fore part, which faces the Red Pole of the Globe, 
acquires Blue Magnetism, and the after part acquires 
Red Magnetism. 

If a Ship is built Head East or West, the side towards 
the North Pole of the Globe acquires Red, and the side 
towards the South Pole of the Globe acquires Blue, 
Magnetism. 

If a Ship is built with her Head or any intermediate 
position in a Quadrant, she will acquire Magnetism Red or 
Blue corresponding to the angle that position makes with 
the line of the North or South Magnetic Poles. But 
be it remembered all this magnetizing is caused by a force 
which is resolved into two components, one Horizontal, 
the other Vertical, therefore the Ship is magnetized in 
accordance with the line of Dip due to her Latitude when 
building. If built Head North on the Equator she would 
become a Magnet with the fore-half Red and the after- 
half Blue, and the Red and Blue Poles would be divided 
by a Vertical line. But if built Head North in, say. 
Latitude 50'' N, in Europe, her Red and Blue Sub- 
permanent Magnetism would be divided by a line form- 
ing an angle of 25^* with the Horizontal, this being at right 
angles to the angle of the line of Dip in that Latitude. 

In the accompanying diagrams the arrow indicates the 
direction of the Magnetic force of the Earth, and the lines 
at right angles in the hulls of the Ships the lines of 
demarcation between the Red and Blue Magnetisms. 
Nos. I. to IV. are Ships built in a high Northern Latitude ; 
the Blue Pole of the Earth induces Red Magnetism 
in the half of the Ship that is nearest to it, and Blue 
Magnetism in the other half. 
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Nos. V. to VIII. are Ships built in a high Southern 
Latitude ; the Ked Pole of the Earth induces Blue Mag- 
netism in the half of the Ships nearest to it, and Eed 
Magnetism in the other half. 

If a Ship were built on the Equator a Vertical line 
would separate the Eed and Blue Magnetism developed 
during construction. 

A Ship having become a Magnet, she aflfects the 
Compass Needle in her. Her Eed Pole will repel the Eed 
or North-seeking Pole of the Needle, and her Blue Pole 
will attract it, and vice versa. 

Suppose a Ship built Head North. Her bow will be 
Eed. Suppose the Ship to be sailing North, Correct 
Magnetic : the Eed, that is the North-seeking Pole of the 
Needle, will be exposed to Eed Magnetism, which would 
naturally repel it ; but as the Needle is lying in the same 
line as that in which the Eed Magnetism is exerting itself , 
it cannot be deflected by it, and the only effect produced 
is to weaken the North-seeking power of the Needle. 

Now suppose the Ship to be sailing East : then the 
Eed Pole of the Ship and the Eed Pole of the Needle 
will be acting on lines at right angles to each other, and 
the Ship's Eed Magnetism will consequently produce its 
maximum effect upon the Needle. It will repel it, and 
will deflect it to the left or Westward from its position of 
pointing to the Magnetic North ; the Needle would point 
to the left of Correct Magnetic North— in other words, 
the Sub-permanent Magnetism of the Ship will have 
caused Westerly Deviation when her head was East. 

If, on the other hand, she was sailing West, the Needle 
would for the same reason be deflected, but to the right, 
and the Deviation with the Ship's Head on that point will 
be Easterly. 

If the Course of the Ship is South, the North-seeking 
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Ked Pole of the Needle is exposed to the stem or Blue 
Pole of the Ship, and is attracted by it. But as both forces 
are acting in the same line, the Needle is not deflected, 
and the only effect is to strengthen its directive energy. 

K the Ship had been built with her Head South, all 
the above mentioned phenomena would occur, but they 
would all be reversed in their order. 

If the Ship were built with her Head East, Red Sub- 
permanent Magnetism would be induced in the Port side, 
which on Northerly Courses, that is on any Course between 
East and West round by North, would cause the Needle 
to be deflected to the right, giving Easterly Deviation, 
and the opposite effect would occur when on Southerly 
Courses, that is, on any Course between East and West 
round by South. If the Ship, however, were built with 
her Head West, exactly the contrary effects would be 
produced. 

But as Ships are not generally built with their Heads 
on one of the Cardinal Points, the sub-permanent Mag- 
netism produces a combination of two of these cases. 
As a matter of fact, the line of force of the Ship's Sub- 
permanent Magnetism is in the direction of the Magnetic 
Meridian when the Ship was building, but with the Poles 
reversed ; that is to say, the Eed Pole of the Ship's 
Magnetic force is nearest to the Blue Pole of the Earth, 
and the Blue Pole of the Ship's Magnetic force is of 
course opposite to its Red Pole. Thus in a Ship built 
Head SE, the Magnetic Meridian would pass through 
the Port Quarter and Starboard Bow, and the line of 
force of the Ship's Sub-permanent Magnetism would 
lie in the same direction, but its Red Pole would be 
on the Port Quarter and its Blue Pole on the Starboard 
Bow. 

Take another case. Suppose the Ship's Head when 



Digitized by 



Google 



COMPENSATION FOR DEVIATION 



203 



building to be WNW; the Magnetic Meridian would 
pass from two points before the Starboard Beam to two 
points abaft the Port Beam, and the Eed Pole of the 
Ship's Sub-permanent Magnetism would be two points 
before the Starboard Beam, and its Blue Pole two points 
abaft the Port Beam. 

This Sub-permanent Magnetism of the Ship is resolved 
by the Parallelogram of forces into two forces, the one 
fore-and-aft, and the other athwartships. 



Fig. 113 

i 



NW 




Thus in diagram 113 suppose the Ship's Head when 
building was NW ; then the Une of the Sub-permanent 
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Magnetism is R B, of which r is the Eed Pole and B the 
Blue Pole. Now the Eed Pole repels the North-seeking 
end of the Needle : let R D represent this force in direc- 
tion and magnitude, then the lines r c and c d into which 
it can be resolved by the Parallelogram of forces are 
equivalent to it. Now RC is an athwartship Magnetic 

Fio» 113 

19 



NW 




force, repelling the North-seeking end of the Needle from 
the Starboard side, and is represented by — c. CD is 
a fore-and-aft Magnetic force repelling the North-seeking 
end of the Needle from the Bow, and is represented 
by — B. 
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Here follow some diagrams illustrating a Ship's Sub- 
permanent Magnetism and the effect produced by it upon 
the Compass Needle. In all these diagrams the Compass 
Needle is represented by the arrow a 6, of which a is the 
North-seeking Pole. 



FlO. 114.— SUB-PXBMANENT MaONETIBM 

N N 



SW 




Ship* 8 Head when BuUding SW. — Bed Pole of Sub-permanent Magnet- 
ism on Starboard Quarter; Blue Pole of Sub-permanent Magnetism on 
Port Bow. 

With Ship*8 Head NortK—The Bed Pole of Sub-permanent Magnetism 
of the Ship repels the Bed or North-seeking end of the Compass Needle, 
causing Westerly Deviation for that position of the Ship's Head. 
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Fia. 115.— SuB-PSBMANENT Magnbtish 

N N 




NE 



Ship^s Head when Building SE. —B^d Pole of Sub-penuanent Magnet- 
ism on Port Quarter; Blue Pole of Sab-permanent Magnetism on Starboard 
Bow. 

With Ship's Head NE.—Bed Pole of Sub-permanent Magnetism on 
Port Quarter repels Bed or North -seeking Pole of Compass Needle, and 
gives Easterly Deviation for that Position of the Ship's Head. 

Should you wish to demonstrate the effect of the Sub- 
permanent Magnetism of the Ship upon the Compass 
Needle with the Ship's Head in any and every direction 
cut a figure like one of the above out of cardboard, 
mark the position of the Eed and Blue Poles of Sub- 
permanent Magnetism due to the direction of her Head 
when building, lay the model on a Compass Card, turn 
its Head on to any point, and you will at once see the 
effect producsd upon the Needle by the Sub-permanent 
Magnetism. 
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Ship's Bead when Building NW. -The Red Pole of her Sub -permanent 
Magnetism is on her Starboard Bow, and the Blue Pole on her Port Quarter. 

With Ship's Head North.— The Red Pole of the Sub-permanent 
Magnetism of the Ship repels the Bed or North-seeking Pole of the 
Compass Needle, and causes Westerly Deviation in that position of the 
Ship's Head. 

It stands to reason that a small force acting in a line 
with and in the same direction as another and greater 
force, increases it by its own amount, and that a small 
force acting in a line with but opposed to another and 
greater force decreases it to the same extent. For 
instance, the force of the Earth's Magnetism on the 
Compass Needle may be represented by that of a man 
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pulling on a rope, which is made fast to the end of the 
Needle, and the effect of the Sub-permanent Magnetism 
of the Ship by that of a boy pulling also on the rope. It 
is evident that if he pulls with the man the strain on the 
rope will be the greater by his strength ; or, in other words, 
the directive force of the Needle will be increased to that 
amount ; whereas if the boy is pulling against the man 
the Needle will still point in the same direction, but the 
strain on the rope or the directive force of the Needle will 
be lessened by the boy's strength ; and if the boy grew 
and became stronger than the man, the directive force 
would disappear altogether, and the Needle wotdd be 
constrained to point the reverse way. 

Now suppose the man to be pulling the rope and the 
boy fixes another rope to the end of the Needle, and pulls 
it in another direction to that in which the man is pulling, 
it is evident that some deflection of the Needle wall be 
caused, and the more at right angles the boy pulls the 
greater will be the deflection of the Needle. This, I think, 
requires no demonstration. 

It will be seen that the effect of Sub-permanent 
Magnetism is felt through the whole of a semi-circle of 
the Compass. If the Ship's Head when building was North 
or South, it attains its maximum at the East and West 
points, and its value is Zero at the North and South points. 

If the Sub-permanent Magnetism causes Easterly 
Deviation in the Eastern semi-circle, it of course causes 
Westerly Deviation in the Western semi-circle, and the 
Deviation will be Easterly on every point from North 
round by East to South, and Westerly on every point 
from North round by West to South. If the Sub-per- 
manent Magnetism causes Westerly Deviation in the 
Eastern semi-circle, the Deviation will be Westerly on 
every point North round to South by the East, and it will 



Digitized by VjOOQ IC 



COMPENSATION FOK DEVIATION 209 

be Easterly from North round to South by the West. 
This Coefficient of the Magnetism of the Ship is therefore 
called semi-circular, and is characterised by the letter b. 

The whole of b is, however, not always entirely due to 
Sub-permanent Magnetism. Part of it is frequently to be 
attributed to induction in vertical soft iron ; this will be 
mentioned later on. 

Easterly Deviation is signified by 'the sign + , Westerly 
by the sign — . If the Deviation is Easterly with the Ship's 
Head in the Eastern semi-circle, b will be + B. If it is 
Easterly with her Head in the Western semi-circle, B will 
be — B. 

If the Ship's Head while building was East or West, 
the effect of the Sub-permanent Magnetism would still be 
semi-circular, but it would have its maximum effect on the 
North and South points, and it would be reduced to Zero 
on the East and West points. If it is Easterly or + in 
the Northern semi-circle, it will be Westerly or — in the 
Southern semi-circle, and vice versa. This Coefficient of 
the Ship's Magnetism is called c. If the deviation is 
Easterly in the Northern semi-circle c will be + c ; if it 
is Westerly in the Northern semi-circle c will be— c. 

So much for Sub-permanent Magnetism —the Mag- 
netism which a Ship acquires in the process of building, 
and a portion of which she for ever retains. All you have 
to remember is that Coefficient b is that portion of 
the Sub-permanent Magnetism due to the Northerly or 
Southerly position of the Ship's Head while building, and 
that Coefficient c is that portion of the Sub-permanent 
Magnetism due to the Easterly or Westerly position of the 
Ship's Head while building ; that b extends all round the 
East and West semi-circles, and c all round the North and 
South semi-circles ; that the sign + extending over one 
Remi-circle is changed to — in the opposite semi-circle ; 

VOL. 11. P 
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that B is + B when the Deviation is East in the Easterly 
semi-circle; and is— B when the Deviation is West in 
the Easterly semi-circle ; that c is + c when the Deviation 
is East in the Northern semi-circle, and that c is — c 
when the Deviation is West in the Northern semi- 
circle. Semi-circular Deviation being due to magnetic 
qualities in the Ship which do not change, it remains 
practically unaltered in all parts of the Globe, except the 
part due to induction in vertical iron. 

But there are other causes of Deviation which have 
nothing to do with the direction of the Ship's Head when 
building. The soft iron in the Ship becomes magnetized 
by the Magnetism of the Earth. Magnetism so acquired by 
the component parts of the Ship or of her cargo is called 
Induced Magnetism. 

Induced Magnetism is more or less transitory, and 
shifting in its character. If you hold a soft iron bar or 
rod in the hne of Dip it will become magnetized, the 
upper end becoming Blue and the lower end Bed in 
North Latitudes. Botate the rod until it assumes a 
vertical position : its Magnetism remains the same — the 
upper end will be Blue and the lower end will be Bed — 
but the force of the Magnetism will be somewhat di- 
minished. Botate the rod back to a horizontal position : 
its Magnetism remains still the same in name — the end 
which was the upper end will still be Blue and the other 
end Bed — but the strength of the Magnetism will be much 
reduced. Turn the bar on its centre till it points East 
and West instead of North and South, and it will lose its 
Magnetism. Induced Magnetism has therefore its maxi- 
mum effect upon a soft iron bar when the bar lies in the 
same direction as the line of the Magnetic Poles, and has 
its least effect when the direction of the bar is at right 
angles to the line of those Poles. It is easy to illustrate 
this for yourself. 
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Get a Compass and the kitchen poker. Hold the poker 
pointing roughly towards the North and downwards some- 
where about in the line of Dip — that will be at an angle 
of about 68** with the Horizon in the Latitude of London — 
and it will take up Induced Magnetism, the Lower end 
will be Red and the upper end Blue. Try it. Put the 
upper Blue end close to the North-seeking end of the 
Compass Needle, and the Needle will be attracted towards 
it. Apply the poker to the other end of the Needle, and 
it will repel it. Turn the poker in a vertical plane 
till it is vertical, and test the Compass again with it. 
You will find the same effect produced, but not quite so 
strongly, showing the upper end of the poker is still Blue. 
Turn the poker back again, still in a vertical plane, till it 
is horizontal, and repeat the experiment. The same 
results will follow, but with greatly diminished force, 
showing that the end which was the upper one when it 
was in a vertical position on the line of Dip is still Blue, 
but that the Blue is much less intense. 

Rotate the poker right round so that the end which 
was the upper is the lower end, and apply the former 
upper end of the Compass as before, and you will find 
all the effects reversed, showing that the Blue Pole of the 
poker had become a Red Pole, and vice versa. 

If you struck the poker a couple of smart taps with 
the tongs, or your head, or some other hard substance 
while holding it in the line of Dip, you would find that 
the poker acquired more Magnetism, retained it longer, 
and did not change it so readily. 

The first kind of Induced Magnetism to be considered 
is that arising in horizontal iron. In any Ship the 
horizontal iron lying fore-and-aft or athwart ships becomes 
magnetized by induction, the character of the Magnetism 
depending upon the position of the iron with respect to 

P 2 
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the Magnetic Poles of the Globe. Take the case of 
athwartship iron, such as beams, first. 

If a Ship is sailing North or South no effect will be 
produced, because the beams will be at right angles to the 
line of force. If the Ship is sailing East the Port ends of 
the beams being towards the Blue Pole of the Earth 
will become Ked Poles, and the Starboard ends will become 
Blue Poles, being towards the Eed Pole of the Earth. The 
effect on the beams will be greatest when the Ship's 
Head is East or West, because they are then in the line 
of force ; it will be nil when the Ship's Head is North or 
South, because the beams are then at right angles to the 
line of force ; and it will bear a certain proportion to its 
greatest strength on any position between North and East, 
North and West, South and East, and South and West. 
This Coefficient of the Ship's Magnetism is charactejn^sed 
by the letter d. 

Now consider the effect of the Induced Magnetism 
in the beams upon the Compass. Suppose a Ship to be 
sailing due East or due West ; the beams will be full of 
Induced Magnetism, but as they lie in the same line as 
the Compass Needle, their Induced Magnetism will have 
no effect upon it, except to diminish its directive force. In 
the case of a ship sailing North or South, the greatest 
effect would be produced upon its Needle by the Induced 
Magnetism in the beams if there was any, but there is 
not, because the beams are then at right angles to the 
line of force. But if the Ship is sailing on any Quadrantal 
Point, such as NE, NW, SE, SW, the Deviation due 
to this cause is at its maximum. Coefficient D is there- 
fore at its maximum upon the Quadrantal Points^ and is 
Zero at the Cardinal Points, Suppose a Ship to be 
sailing Head NW, the Starboard ends of the beams 
will have acquired Eed Polarity, and will be opposed 
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to the Red or North-seeking Pole of the Needle. The 
Needle will be repelled or deflected to the left, and the 
Deviation will be Westerly. It will be Westerly from 
North to West ; the Deviation will have its maximum at 
N W, and a certain quantity proportionate to its maximum 
on the other points in the same Quadrant. 

Suppose the Ship changed her Course to SE ; the 
Starboard ends of the beams will acquire Blue Polarity, 
and the South or Blue Pole of the Needle will be opposed 
to and repelled by them, and will be deflected to the left, 
and the Deviation will also be Westerly. 

Supposing the Ship to sail on a NE Course, the 
Port ends of the beams will acquire Red Polarity, 
and will deflect the North-seeking end of the Needle to the 
right towards the bow, giving Easterly Deviation. If she 
sails SW, the Port ends of the beam will acquire Blue 
Magnetism, and will deflect the South end of the Needle 
to the right, giving Easterly Deviation. 

Thus it will be seen that in Coefficient D the Deviation 
is of the same name, Easterly or Westerly, in opposite 
Quadrants, and is consequently of the different name in 
adjacent Quadrants. It is therefore called Quadrantal 
Deviation. 

The Deviation due to continuous beams is always 
Easterly in the NE and SW Quadrants, and Westerly 
in the NW and SE Quadrants. The Coefficient to 
express this Deviation is -h d. 

If the Compass is, as may well happen, between 
divided beams, the reverse of all this takes place. Each 
portion of a divided beam becomes a separate magnet 
acquiring a Blue and Red Pole by induction. In such a 
case the effects described above as due to induced Magne- 
tism in a continuous beam are reversed. The Deviation 
will be Westerly in the NE and SW Quadrants, and 



Digitized by 



Google 



S^14 MAGNETISM AND THE CAUSES OF AND 

Easterly in the NW and SE Quadrants. The Coefficient 
representing this condition of things is — D. 

But — D also results from another cause, namely, 
from the effect of Induced Magnetism in horizontal fore- 
and-aft soft iron. In this latter case, with the Ship's 
Head North or South, fore-and-aft iron will acquire the 
greatest amount of Induced Magnetism, being in a line 
with the Magnetic Poles of the Earth. But this Induced 
Magnetism will have no effect on the Compass Needle 
beyond increasing or diminishing its directive quality, 
because it is acting in the same line with it. If the Ship's 
Head were East or West, the greatest effect would be 
produced by Induced Magnetism in the fore-and-aft iron, 
if there was any Induced Magnetism in it ; but there is 
none, because the fore-and-aft iron is then at right angles 
to the Magnetic Poles. Therefore Induced Magnetism in 
fore-and-aft iron also produces its maximum effect upon 
the Needle on the Quadrantal points, but it produces 
Deviation of a contrary name to that . produced by con- 
tinuous athwartship iron. 

Suppose the Ship to be sailing N W ; the forward end 
of the fore-and-aft iron will take up Bed Polarity, and 
will repel the North-seeking end of the Needle, deflecting 
it to the right, and giving it Easterly Deviation. If the 
Ship's Head were SE the forward end would take up 
Blue Polarity and repel the South-seeking end of the 
Compass Needle, deflecting it to the right, and causing 
Easterly Deviation. Sailing NE, the Bed Induced 
Polarity in the fore end of the iron will deflect the Needle 
to the left, causing Westerly Deviation ; and sailing SW 
the Blue Polarity taken up by the fore part of the iron 
will repel the South-seeking or Blue end of the Needle, 
deflecting it to the left, causing Westerly Deviation. The 
Deviation being Westerly or — in the NE and SW Quad- 
rants, and Easterly or + in the NW and SE Quadrants, 
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the Coefficient representing it is — d. This — D is rarely 
found in sufficient quantities to be worth considering. 

We have seen that the effect produced on the Needle 
by continuous athwartship iron is reversed if the Com- 
pass lies betv^een divided athwartship iron. So in the 
same way the effect produced by continuous fore-and-aft 
iron is reversed in the case of divided fore-and-aft iron. 

Here follow a few diagrams illustrating Coefficient + d : 

Fio. 117 




With the Ship's Head NW.—Bed Polarity is induced by the Magnetism 
of the Earth in the Starboard ends of the beams, which repels the Bed or 
North -seeking end of the Ck)mpaBS Needle, causing Westerly Deviation with 
the Ship's Head in that position. 

WUh the Ship's Head SE,—Bed Polarity is induced in the Port ends 
of the beams, which repels the Red or North -seeking end of the Compass 
Needle and causes Westerly Deviation with the Ship's Head in that position. 



S£ 
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I think that diagrams 117, 118, and 119 are amply suffi- 
cient to illustrate the effect of induction in horizontal soft 
iron on the Compass Needle. The thing to remember is, 



Fio. lis 




With the Ship^s Head NE. — Bed Polarity is indaced in the Port ends of 
the heams, which repels the Eed or North-seeking end of the Compass 
Needle, causing Easterly Deviation with the Ship's Head in that position. 

With the Ship* 8 Head SW.—Ued Polarity is induced in the Starboard 
ends of the beams, which repels the Bed or North -seeking end of the 
Compass Needle, causing Easterly Deviation with the Ship's Head in that 
position. 

that the end of the soft iron beam which points Northerly 
has Eed Polarity, and the end which points Southerly has 
Blue Polarity : that in Northern Magnetic Latitudes the 
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upper end of vertical soft iron has Blue Polarity and the 
lower end Bed ; and in South Magnetic Latitudes the 
upper end has Bed Polarity and the lower end Blue. 



Fig. 119 




With the Ship's Head North or Souths the beams being at right angles 
to the Correct Magnetic North or South line, or, in other words, to the Mag- 
netic force of the Earth, no Magnetism is indaced in them. 

With the Ship's Head East or West, the beams are strongly magnetized, 
but as they act in the same line as the Correct Magnetic North and South 
line, they produce no effect on the Compass Needle except to weaken some- 
what its directive force. 

Keeping these facts in mind, it is easy, hy means of a 
rough diagram, to find out the effect on the Compass 
Needle produced by any soft iron near it, not forgetting 
also that each length of soft iron becomes a separate 
Magnet, so that in the case of a Compass Needle placed 



Digitized by 



Google 



218 MAGNETISM AND THE CAUSES OF AND 

between divided beams the Magnetism induced has a 
diametrically opposite effect to that which is produced by 
continuous beams. 

Coefficient e represents the effect of soft iron unsym- 
metrically disposed, such as any iron in the construction 
or fittings of the Ship, which is neither fore-and-aft, nor 
athwartships; as, for instance, stringers, or strengthening 
pieces at an angle to the keel. Assume a piece of soft 
iron passing under the Compass at an angle of iS*' with 
the keel from the direction of the Starboard Bow to that 
of the Port Quarter. The iron will acquire Induced 
Magnetism in precisely the same way as fore-and-aft or 
athwartship iron, but owing to its position the results will 
not be the same. With the Ship's Head NE, this iron 
will be at right angles to the Compass Needle, and would 
have its maximum effect upon it if it had taken up any 
Induced Magnetism, but it has not, because it is at right 
angles to the Magnetic Meridian. With the Ship's Head 
NW, the iron will be in a line with the Magnetic 
Meridian, and the Induced Magnetism taken up by it 
will be at its maximimi, but it will have no deflective 
effect upon the Compass Needle, because it is in a line 
with it. The Induced Magnetism in this iron, therefore, 
has its maximum effect upon the Compass Needle at the 
Cardinal Points, and has no effect upon it at the Quadrantal 
Points, and has an effect proportionate to its maximum 
at the intermediate points. We have shown the effect 
produced with the Ship's Head between NE and NW ; 
and as needless repetition is wearisome, it is sufficient to 
say that the same effects are produced with the Ship's 
Head in the opposite Quadrant, namely, between SW and 
SE, and that opposite effects are produced wth the Ship's 
Head in the other Quadrants. This Deviation, therefore, 
is Quadrantal. 
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If the Deviation is Easterly in the Northern and 
Southern Quadrants, and consequently Westerly in the 
others, it is signified by Coefficient -f £. If, on the other 
hand, it is Westerly in the Northern and Southern 
Quadrai^ts, and Easterly in the Eastern and Western 
Quadrants, it is called Coefficient — e. 

There remains only Coefficient a. 

This Deviation is constant, being + or — with the 
Ship's Head at any point of the Compass, and it generally 
arises from some mechanical error in the alignment of the 
Compass. 

A and E are so small that for practical purposes no 
notice is generally taken of them. The principal Deviations 
are represented by Coefficients B and c plus or minus, 
and + D. 

Thus it will be seen that the Deviations due to the 
Sub-permanent Magnetism of a Ship are semi-circular, 
and are represented in the Eastern and Western semi- 
circles by H- B or — B, and in the Northern and Southern 
semi-circles by -h c or — c ; that the Deviation due to 
induction in athwartship and fore-and-aft iron is Quad- 
rantal, and is expressed in the NE and SW, NW and SE 
Quadrants by Coefficient + D or — D ; that the Deviation 
due to iron disposed in any other direction than fore-and- 
aft or athwartship is Quadrantal, and is expressed in the 
North, South, East, and West Quadrants by + e or — E ; 
and that Deviation arising from any error in the alignment 
of the Compass or from some other similar cause is 
circular, and under the name of Coefficient -h a or — a 
has the same name and produces the same effects all 
round the Compass. 

If in the Examination Boom you get messed up with 
all these Semi-circles and Quadrants, the best plan is to 
draw two or three little circles on the selvage edge oJ 
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your paper and write the coefficients in them as below, and 
then fill in the proper signs. In the following figures 
the plus parts are all shaded. The semi-circular and 
quadrantal character of the Deviations, and the positions 
of maximum strength, are thus clearly indicated j 



Fio. 120 
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So far we have assumed that the Ship is upright. 
When the Ship is heeled over, the altered positioa that soft 
iron having Induced Magnetism, and that the whole body 
of the Ship having Sub-permanent Magnetism, assimies 
in reference to the Compass has an effect upon the Needle 
which is called Heeling Error. It is easy to see that such 
must be the case. When a Ship is heeling over, the ends 
of the deck beams are raised nearer to the Needle on one 
side and depressed further below it on the other than 
when she was upright ; vertical iron, such as the funnel, 
is moved out of the Vertical plane of the Needle to one 
side or the other of it ; and the Vertical component of the 
Sub-permanent Magnetism of the Ship is shifted from its 
normal position. 

The only causes of Deviation due to heeling necessary 
to consider are the shifting of the Vertical component of 
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Sab-permanent Magnetism, and the elevation and depres- 
sion of the ends of athwartship iron. 

As long as a Ship is upright, the Verticaljcomponent 
of the Sub-permanent Magnetism has no deflecting effect 
upon the Needle, as the pull is directly downwards. But 
if this downward pull becomes inclined at an angle to the 
Vertical plane of the Needle, it does, of course, deflect 
the Needle by attracting or repelling the North-seeking 
end. 

In Ships built with their heads towards the North, 
and in any North Latitude that gives considerable dip, 
as is the case all over our islands, the forward upper part, 
and the mass of the lower part of the Ship will have Red 
Magnetism, while the upper and after part will have Blue. 
The Standard Compass is nearly always situated in the 
field of this Blue Magnetism. If the vessel is upright 
no effect is produced upon the Needle, because it is 
pulled by it equally in all directions. But if the yessel is 
heeled to port, on Northerly Courses, the bulk of the Ship 
— and with it the bulk of the Blue Magnetism — is to the 
right of the Compass Needle, and therefore will attract it 
towards the weather or high side, causing Easterly Devia- 
tion. The reverse would be the case if she was on the 
Port tack, the Needle would equally be attracted to the 
weather side, but the Deviation would be Westerly. If 
the Ship were on Southerly Courses, and on the Starboard 
tack, the North-seeking end of the Needle would be 
attracted to the high side, but the Deviation would be 
Westerly ; while if on the Port tack, the Deviation would 
be Easterly. 

The reverse of all this would take place if the Ship 
were built Head South and the Compass was placed in a 
field of Red Magnetism. 

In Ships built in South Latitudes the Sub-permanent 
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Magnetism is differently distributed from what it would be 
had the Ship been built in North Latitude, and conse- 
quently produces different effects. See diagrams facing 
page 200. 

The effect produced by the upheaval and depression 
of athwartship iron is simple to understand. We have 
already seen how Induced Magnetism affects horizontal 
athwartship iron, and have studied the effect of Induced 
Magnetism upon the Needle. If the iron— a beam say — 
ceases to be horizontal, the Induced Magnetism in it 
changes in force, and, in proportion as the beam approaches 
the vertical, approximates nearer and nearer to the magnetic 
condition of vertical iron. On a Northerly Course and 
on the Starboard tack, the Starboard end of the beam 
would take on Blue Polarity due to vertical iron, and 
would become less Eed than it was before, or might 
become entirely Blue. If changed to Blue, it will attract 
the North-seeking end of the Needle, and draw it to the 
high side; if merely less Eed than it was when hori- 
zontal, it will not repel the Needle as much as it did 
before, and the practical effect will also be equivalent to 
an attraction to the high side. The Needle being attracted 
to the right, the Deviation will be Easterly. On the Port 
tack the effect will also be an attraction to the high 
side, but the Needle being drawn to the left, the Devia- 
tion caused will be Westerly. 

On Southerly Courses the attraction is also to the high 
side, whichever tack you are on, but the Deviation due 
to Heeling Error on the Starboard tack on Southerly 
Courses will be of the same name as that due to Heeling 
Error on the Port tack on a Northerly Course, and vice 
versa. In Southern Latitudes the whole of this opera- 
tion is reversed. 

The great thing to remember is that in respect of Heel- 
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ing Error caused by horizontal iron becoming more or less 
inclined to the vertical, which is one of the principal 
causes of Heeling Error, the Needle is drawn to the high 
side on both tacks in Northern Latitudes, and to the low 
side on both tacks in Southern Latitudes. The signs of 
the Deviation in the Northern Hemisphere change in the 
Southern Hemisphere. 

If in either hemisphere you change your course from 
Northerly to Southerly, or vice versa, without changing 
the tack, the sign changes ; but if you change your 
tack also, the sign of the Deviation remains the same. 
If one changes the sign changes ; if both change, or 
neither changes, the sign does not change. 

As regards the Heeling Error caused by the Sub- 
permanent Magnetism of the Ship, the sign of the 
Deviation changes in the same way as in the case before 
mentioned of Heeling Error due to induction in iron beams, 
but is the same in both hemispheres. 

The result of this is that these two causes of Heeling 
Error may act together and accentuate the error, or act 
in opposition and diminish or neutralise it, and of course 
whichever they do in the Northern will be reversed in the 
Southern Hemisphere. 



Problems will be given you in the Examination Room 
on this infernal subject of Magnetism and Deviation, of 
the following description : 

1st. Given the position of the Ship*s Head zchen build- 
ing, aiid one of the Sub-permanent Magnetism Coefficients, 
to find th£ other Coefficient. 

Proceed thus : With the position of the Ship's Head 
as a Course in Table I., and the Coefficient given you in 
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the Diflference of Latitude or Departure cohunn, you 
will find the Coefficient you want in the corresponding 
Departure or Difference of Latitude column. If b is 
given you look for it in the Difference of Latitude 
column, if c is given look for it in the Departure 
column. 

The best plan is to look for the whole Coefficient, deci- 
mal and all, as a whole number, in the Difference of Lati- 
tude and Departure column, and take out the corresponding 
minutes in the Departure or Difference of Latitude column 
and shift the decimal point one place to the left. For 
instance, if you had Coefficient 13-2, look for 132 or 
the nearest figures to it in the Difference of Latitude or 
Departure column, and supposing you find 147 in the 
Departure or Difference of Latitude colunm, the Coefficient 
would be 14-7. 

As an instance, suppose Ship's Head to be NW by W 
when building, and Coefficient — b is 8-5'' ; required to 
find c. 

Ship's Head NW by W equals 5 points from North. 
With 6 points as a Course in Table I., and 85 in the 
Difference of Latitude^ column, you will find 127*2 in the 
Departure column ; c is 127-2, and it will be near enough 
to call it 127''. All that remains is to affix the proper 
sign toe. c is always— when the Ship is built with her 
Head in the Western semi-circle, and as the Ship's Head 
was in that semi-circle when building, c is — , and the 
answer is c— 12*7° The diagram shows what has been 
done. 

In the diagram on next page c o is the line of force of the 
Sub-permanent Magnetism of the Ship a b, whose Head 
when building was N W b W, and this is resolved into the 
fore-and-aft force d o repelling the North-seeking end of 
the Compass Needle from the Bow, and therefore represent- 
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ing Coefficient — b ; and into the athwartship force c d 
repelling the North-seeking end of the Compass Needle 
from the Starboard side, and therefore representing — o. 
D o =8-5 and o i)s=12-7. 

Suppose Ship's Head to be ESE when building, 
and that Coefficient o is + 18*2. ESE is 6 points from 



Fig. 121 



NWbW 




South. With 6 points as a Course, in Table I., and 
182 in the Departure column, you have 75-4 in the 
Difference of Latitude column, b is therefore 7:5. b is 
always + when a Ship is built with her Head in the 
Southern semi-circle; therefore your b is + 7-5. The 
following diagram shows this. 

VOL. II. Q 
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In the diagram below o c is the line of force of the Sub- 
permanent Magnetism of the Ship a b, whose Head when 
building was ESE ; this is resolved into the two forces 
o D and DC. o d is a fore-and-aft force attracting the 
North-seeking end of the Compass Needle to the Bow, and 
it therefore represents + B ; n c is an athwartship force 



Fio. 122 




ES£ 



attracting the North-seeking end of the Compass Needle 
to the Starboard side, and it therefore represents +c. 
0D= 7*5, and D 0=18-2. 

2nd. Oiven both Coefficients, required to find the posi- 
tion of the Ship's Head when building. 

Look for B in the Difference of Latitude and c in the 
Departure column, and the Course will be the position of 
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the Ship's Head from North if b is -, or from South 
if B is 4-, towards East if c is +, towards West if c 
is — . 

For instance, suppose you have + b=7-5, and + c= 
18-2, look for 75 in the Diflference of Latitude and 182 in 
the Departure column. The nearest you can get is 75-4 
and 182, which gives 6 points— from South because B is + , 
towards East because c is + ; the answer therefore is that 
the Ship's Head when building was S 6 points E, or 
ESE. 

Again, supposing you have — b 16-3 and + c 4*7, 
look out 163 in the Diflference of Latitude and 47 in the 
Departure Columns. The nearest you can get is 162*7 
and 49-4 ; and this gives you 1^ points as a Course, b 
being — the Ship will have been built Head Northerly, 
and with her Head Easterly because c is + . The answer 
therefore is, the Ship's Head when building was N IJ 
points E, or N by E i E. 

If you don't think this close enough, take the data out 
of Table II. Look out 163 in the Diflference of Latitude 
and 47 in the Departure columns. The nearest is 
1634 and 469, which will give you 16** as a Course ; 
the Ship will therefore have been built with her Head 
N 16** E. 

You can, of course, in all cases use Table II. instead 
of Table I., and take out the position of the Ship's Head 
in degrees, instead of in points. 

3rd. To find the change in andamount of Heeling Error, 
You will be given the Course the Ship is steering 
by Compass, the amount of Heel, the Deviation caused 
by that amount of Heel or, in other words, the Heeling 
Error, and the direction of the wind, or the tack the Ship 
is on will also be given ; from these data you will be re- 
quired to find the Heeling Error when the Ship is heeling 

a 2 
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more or heeling less, when she is on another tack, when 
she is on another Course, or for any combination of these 
changes. 

To find the change of Heeling Error due to a greater 
or less amount of Heel is a very simple matter, as the 
Deviation is assumed to increase or decrease in direct pro- 
portion to the increase or decrease of Heel, though goodness 
only knows whether it really does so or not. Thus, if the 
error were 8° on 10'' of Heel, it would be W on 20* of 
Heel, and 4® on 5° of Heel, and so on. But to find what 
the Heeling Error will be on some other Course, from a 
knowledge of what the Heeling Error is on a given 
Course, is not quite so easy. 

You know from what has already been said about 
HeeUng Error that it is at its maximum with the Ship's 
Head North or South, and is zero with the Ship's Head 
East or West. The first step is as follows : from your 
knowledge of the amount of Error on the Course given, 
find what the amount will be with the Ship's Head North 
or South, whichever is the nearest to the given Course. 
The second step is: from the amount so found for the 
Ship's Head North or South find what the amount will be 
upon the new Course. Both these operations can be done 
with the aid of the Traverse Table. 

With the given Course as a Course in Table I., and the 
given Heeling Error in the Difference of Latitude column, 
take out the corresponding Distance in the Distance 
colunm ; this will be the Heeling Error on the North or 
South points — in this case as in former cases mentioned 
look out the whole Heeling Error, decimals and all. Then, 
with the new Course as a Course, and the Heeling Error 
on the North or South points in the Distance column, 
you will find the Heeling Error due to the new Course in 
the Difference of Latitude column. 
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If the amount of Heel has also changed, you will have 
to work a little sum in simple proportion, thus : as the 
amount of Heel on the old Course is to the amount of 
Heel on the new Course, so is the Heeling Error you 
have just found to x. 

If you have not changed tacks, and your Course is 
still in the same Northern or Southern semi-circle, the 
sign of the Heeling Error + or — remains the same. 
But if the change of Course has put your Ship's Head 
into the opposite semi-circle the sign changes. If you 
change tacks in the same semi-circle the sign changes; 
but if you change tacks and your Ship's Head gets into 
the other semi-circle, the sign does not change. If, 
through a shift of wind, you get on the other tack with- 
out altering your Course, the sign changes. You have 
only to consider semi-circles and tacks ; and all you have 
to remember is that if neither change, or both change, 
the sign of the Deviation does not change ; but if one 
changes and the other does not change the sign does 
change. 

Let us take a case : 

Suppose you are steering NNE^E with the wind at 
NW, amount of Heel lO"", and Heeling Error due to it 
14i W. Eequired to find the Heeling Error on a WSW 
Course, the amount of Heel being 7^°. 

North being nearer to your Course than South, the first 
step is to find the amount of error on the assumption that 
the Ship's Head was North. Course NNE^E equals 2^ 
points. 14^° Heeling Error is as near as can be 142°. 
With 2^ points as a Course in Table I., and 142 in the 
Difference of Latitude column, you will find 161 in the 
Distance column. The error on a North Course is there- 
fore 16-1 or 16*. The new Course WSW equals 6 points. 
With 6 points as a Course and 161 in the Distance 
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column, you will find 61-6 in the Difference of Latitude 
column ; the Heeling Error therefore at WSW for lO*" of 
Heel is 61-6 or 62 or 6-2°. But the amount of Heel is 
only 7i°, therefore 

as 10° : 7i° :: 6-2° : x 

7-5 X 6-2 = 46-5 

46-5 H- 10 = 4-65 

therefore 4-65'' is the Heeling Error on the new Course. 
This, of course, you will call 47*', or 4^"^, or 4° 39'. Now 
to name it. The Ship has changed tacks, and has also 
changed semi-circles, therefore the sign does not change, 
and the answer is that the Heeling Error on the new 
Course is - 4^"* or 4^° West. 

Take another instance : Suppose you are steering E^S 
with the wind at SE by S, amount of Heel 15^°, Error due 
to this Heel 3^'' E. The wind shifts to S by W, and you 
come up to SE^S ; on this Course the amount of Heel is 
11|°. You require to know the Heeling Error on the 
new Course. 

Original Course E^S is 7^ points from South. Heeling 
Error as expressed in decimals 3*25. In this case Table II. 
is more convenient than Table I., as in the latter Distances 
only run to 300, and the Difference of Latitude due to 
7^ points is not big enough to include your Heeling Error 
expressed decimally. Using Table II., 7^ points equals 
84'' ; so with 84° as a Course, and 32*5 in the Difference of 
Latitude column, you will find 311 in the Distance colunm, 
that is, 31*1° Heeling Error with the Ship's Head South. 
With the new Course in degrees, namely, 39° and 311 in 
the Distance column, you will find 241*7 in the Difference 
of Latitude column ; 2417° is the Heeling Error on the 
new Course with the original amount of Heel. But the 
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amount of Heel has changed from 15^° to 11|'', there- 
fore 

as 15-5° : ll-76<» : : 2417^ : oj 

It is never worth while to work to more than one place 
of decimals, so we will say as 15-5® : ll'S** :: 24-2'' : x 

11-8 X 24-2 = 285-56 
285-56 •^ 15-5 = 18-4 

therefore the answer is, Heeling Error on the new Course 
is 18-4% or 18** 24', or 18^** very nearly. 

As the Ship's Head remains in the same semi-circle 
and the tack is unchanged, the sign remains unchanged. 
Therefore the Heeling Error is + 18^**, or 18^** E. 

If the wind had not shifted, and in beating to wind- 
ward the Ship had changed tacks, the amount of Error 
would of course have been the same, but the sign would 
have changed, and the Error on the new Course would 
have been - 18i^ or 18^^ W. 

In case you should make any mistake about the sign, 
let me impress it upon you that you have only to consider 
the tack you are on and the semi-circle you are in ; if 
neither change, or if both change, the sign does not 
change ; but if one changes the sign does change. 



You will also be required by the examiners to conduct 
the following exceedingly laborious operation, which taxes 
the patience grievously, namely : 

Given all the Coefficients, to find the Deviations for 
every point of the Compass, 

You must make a form with the Coefficients at the 
top, the points of the Compass on the left-hand side, as 
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per under, and write down the amount and character of 
the Coefficients as given you. 



Ship's Head 

by Standard 

Oompan 




D 
+5« 18' 


-18' 


Constant 

and 

Quadnntal 

Deviation 


B 1 C 
-28012' +12<» 24' 


semi, 
circolar 
Deviation 


Total 
Deviation 


North 








1 






NbE 








1 ' 






NNE 












NEbK 












NB 














KBbE 














EKE 














EbN 












East 








1 1 




EbS 








1 




ESE 








1 1 




SEbE 


! 




i 




SE 










1 




SEbS 










1 




SSE 








1 




SbE 








1 




South 








1 




SbW 








1 




SSW 




' 








SWbS 








' 




SW 












SWbW 1 












WSW ! 












WbS ' 








1 






West 














WbN 










] 


WNW 


1 






NWbW 


1 






NW 


1 






NWbN 1 






NNW 1 1 


' ' 


NbW 1 I 


; 1 



The best way of proceeding is to write down the 
maximum and minimum of each Coefficient on the appro- 
priate points of the Compass, and to prefix the proper 
signs. 

A is, as you know, constant, and it is unnecessary to 
write it down for every point of the Compass. It is quite 
sufficient to note the fact of its existence. 
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D, as you will remember, is Quadrantal, and its 
maximum is on the Quadrantal points; therefore write 
down the amount of d given you on the Quadrantal 
points NE, SE, SW, and NW, and write a zero on 
the Cardinal points — North, South, East, and West. As 
you already know, D has the same sign in opposite 
Quadrants, and changes its sign in adjacent Quadrants. 
Prefix therefore the proper signs to the maximum amounts 
in accordance with this fact, remembering that if you are 
given + D, it will be -f in the NE and SW Quadrants, 
but if you are given — D it will be — in the NE and SW 
Quadrants. 

E is also Quadrantal, its maximum is at the Cardinal 
points, and its minimum at the Quadrantal points. It 
has the same sign in opposite Quadrants, and changes 
its sign in adjacent Quadrants. Write down E as given 
you on the Cardinal points, with its proper sign, and put 
zeros at the Quadrantal points, remembering that if 
you have + b it will be + on the North and South 
points, while if you have — E it will be — on those 
points. 

B has its maximum on the East and West points, and 
its maximum at the North and South points ; and being, 
as you are aware, semi-circular, it carries the same sign 
from North to South round by East, and changes it from 
North to South round by West. Fill up the column with 
the maximum of the Coefficient b on the East and West 
points, with the proper signs attached, and place zero at 
the North and South points, + on East and — on West 
if you have + b, but — on East and + on West if you 
have — B. 

has its maximum on North and South, and its mini- 
mum on East and West, and being also semi-circular, 
carries the same sign from East to West round by North, 
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and the opposite sign from West to East round by South. 
Fill in the c column with the amount of the Coefficient 
as given you on the North and South points, and with 
zero on the East and West points with the proper sign 
attached, + on North and — on South if you have 
+ c, but — on North and + on South if you have 
— c. 

The form will present the appearance as below : 



Ship's 
Head by A 


D 


1 Conataut 
E andQuad- 


B 


c 


Semi- 
circular 


Total 

tiOQ 


Stanilard -2V 


+ 6° 18' 


-18' 1 rantal 


-«8° IS' 


+ 12° 24' 


Deria- 


Compass 




Deviatiou 






tiou 


North ' -0-4^ 


0-0° 


-0-3° -0-7^ 


0-0° 


+ 12-4° 


+ 12-4° 




NbE 








1 ! 


NNE 










1 


NEbN 










1 


NE 


+ 6-3° 


00® +4-9° 




1 1 


NEbE 












1 


ENE 












' 


EbN 














East 


00*» 


+ 0-3^ -or 


-23-2° 


00° 


-23-2° 


EbS , 










1 


E8E ' 












1 


SEbE 














SE 


-6-3*> 


00° 


-5-7° 








SEbS 














SSE 














SbE 












1 


South 


00*> 


-0-3° 


-0-7° 


0-0° 


-12- 4 


-12-4° 


1 


SbW 










; 




SSW 
















SWbS 




1 










SW 


+ 6-3° 


00° +4-9° 










SWbW 














WSW 














WbS 




' 






■ 


West 


O-O^' 


+ 0-3° -01° 


+ 23-2° 


00°, +23-2° 




WbN 








! 




WNW 1 












NWbW 














NW 


-6-3° 


0-0°, -6-7° 






i 1 


NWbNl 










1 


NNW ' 








! 




NbW ; 










; 1 



Now to fill in the proper proportion of ecwjh CoeflScient 
on every point of the Compass. Use the Traverse Table 
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for this purpose, taking the Coefficient as a Distance, 
decimals and all. 

As, in the Quadrantal Deviations, the amount of 
Deviation increases from zero to its maximum in four 
points, you will, in using the table which contains eight 
points, skip a point every time. 

The maximum of D is at the Quadrantal points. Start 
from the Quadrantal points and consider them to be zero 
in the Traverse Table ; then, in order to find the value of 
Coefficient D for the point on each side of the Quadrantal 
point, enter the Traverse Table with 2 points as a Course, 
and the Coefficient, decimals and all, as a Distance ; the 
corresponding Difference of Latitude will be the value of 
the Coefficient on the points on each side of the Quad- 
rantal points. 

Thus if you have — D 7^°, the Deviation will be 
- 7i° on NE and SW, and it will be + 7^^ on NW and 
SE. With 2 points as a Course and 75 in the Distance 
column, you will find 69-3 in the Diflference of Latitude 
column ; call this 6*9 — that is quite near enough. There- 
fore on the points next to the Quadrantal points, namely, 
NE by N and NE by E, SW by S and SW by W, the 
Deviation will be - 69°. And on NW by W and NW 
by N, and on SE by E and SE by S the Deviation will 
be + 6-9°. Skip a point, and with 4 points as a Course 
and the same Distance 75, you will find 53 in the Diflference 
of Latitude colunm. The Deviation, therefore, for NNE 
and ENE, for SSW and WSW will be - 5•3^ and the 
Deviation for NNW and WNW, and for SSE and ESE 
will be + 5-3°. Skip yet another point, and you will find 
that with 6 points as a Course, the same Distance 75 
gives you 28*7 in the Diflference of Latitude column ; call 
this 2-9**. The Deviation therefore on N by E, and E by 
N, S by W, and W by S is - 2-9°. And the Deviation 
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on N by W, W by N, S by E, and E by S is + 29^ 
Now you have your d Coefficient column filled for every 
point of the Compass. 

Proceed in precisely the same manner with Coefficient 
£. It is impossible to make a mistake in the signs, 
for all you have to do is to use the sign you have 
already got in the form, working from the maximums 
to zero. 

The only difference in filling up b and c columns is 
that you use every point in the Traverse Table, because 
the Coefficient changes from its maximum to zero in 
eight points. 

The next step is to tot up A, D, and e Coefficients in 
the column left blank for the purpose, and enter the 
result. This is troublesome, as it requires numerous 
little addition and subtraction operations, but it has to be 
done. This gives you the total result of Constant and 
Quadrantal Deviation. 

Then enter the combined B and c columns in the 
column left blank for the purpose, and you have the 
total result of Semi-circular Deviation. 

Finally combine the Quadrantal and Constant with 
the Semi-circular Deviation, enter the result in the right- 
hand column, and you have the Deviation due to all the 
Coefficients for every point of the Compass. The whole 
form filled up complete is appended below. 

This is a long and laborious operation, but mercifully 
the Board of Trade examiners will probably only ask you 
to find the Deviations for half the Compass Card— not 
from any laudable ambition to make things easy, but 
because obviously if you can find the Deviations for half 
you can find them for the whole. It is also possible that 
only three Coefficients may be given, which will help to 
shorten the agony. 
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The whole Deviation Table, of which the skeleton is 
given on pages 232 and 234, filled up is as follows : 



Ship's 
Head by 


A 


D 


E 


Constant 
and Quad- 


B 





?*"V- ' Total 
circular J-"r* 

"^olr, tiou 


Standard 


-2V 


+ 6° 18' 


-18' 


rantal 


-23° 12' 


+ 12° 24' 


Gompaas 


o 

-0-4 


00 




Deviation 




+ 12-4 


North 


-0-3 


-0-7 


0-0 


+ 12-4 


o 

11-7 E 


NbE 


II 


+ 20 


-0-3 


+ 1-3 


- 4-5 


+ 12-2 


+ 7-7 


9-0 E 


NNE 


II 


+ 3-8 


-0-2 


+ 3-2 


- 8-9 


+ 11-6 


+ 2-6 


5-8 E 


NEbN 


II 


+ 4-9 


-01 


+ 4-4 


-12-9 


+ 10-3 


- 2-6 


1-8 E 


NE 




+ 6-3 


00 


+ 4-9 


-16-4 


+ 8-8 


- 7-6 


2-7 W 


NEbE 


II 


♦ 4-9 


+ 0-1 


+ 4-6 


-19-3 


+ 6-9 


-12-4 


7-8 W 


ENE 


II 


+ 3-8 


-t-0-2 


+ 3-6 


-21-4 


+ 4-7 


-16-7 


131 W 


EbN 


II 


+ 20 


+ 0-3 


+ 1-9 


-22-8 


+ 2-4 


-20-4 


18-6 W 


East 


II 


00 


+ 0-3 


-0-1 


-23-2 


00 


-23-2 


23-3 W 


EbS 




-20 


+ 0-3 


-21 


-22-8 


- 2-4 


-26-2 


27-3 W 


ESE 


II 


-3-8 


+ 0-2 


-4-0 


-21-4 


- 4-7 


-261 


30-1 W 


SEbE 


II 


-4-9 


+ 0-1 


-5-2 


-19-3 


- 6-9 


-26-2 


31-4 W 


8E 


II 


-5-3 


00 


-5-7 


-16-4 


- 8-8 


-25-2 


30-9 W 


SEbS 


II 


-4-9 


-01 


-6-4 


-12-9 


-10-3 


-23-2 


28-6 W 


SSE 


II 


-3-8 


-0-2 


-4-4 


- 8-9 


-11-6 


-20-4 


24-8 W 


SbE 


II 


-20 


-0-3 


-2-7 


- 4-6 


-12-2 


-16-7 


19-4 W 


South 


II 


00 


-0-3 


-0-7 


0-0 


-12-4 


-12-4 


131 W 


SbW 


II 


+ 2-0 


-0-3 


+ 1-3 


+ 4-6 


-12-2 


- 7-7 


6-4 W 


8SW 


II 


+ 3-8 


-0-2 


+ 3-2 


+ 8-9 


-11-5 


- 2-6 


0-6 E 


SWbS 


II 


+ 4-9 
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If you possess an Admiralty Manual for Deviations 
of the Compass, Table I., pp. 200-209, will save you a 
lot of trouble. 

In the right-hand column look for the Coefficient, 
and under S 7 you have the Difference of Latitude for 1 
point, under S 6 that for 2 points, &c. You have only to 
use these Differences of Latitude in filling up the lines 
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opposite the points of the Compass in the form, and 
there is no confusion. For example : 

Suppose you have a Coefficient -h d 7** 30'. You 
would fill in your NE and SW points under d with 75° E 
and your NW and SE points with 75** W. Now look in 
Table I. for 7° 30' in the right-hand column, and missing 
one column in the table under S 6 you will find 6** 66', 
or 69°, which is the Deviation Easterly due to -h D 
7° 30' on NE b N, NE b E, SW b S and SW b W, and 
is the Deviation Westerly on NW b N, NW b W, SE b S, 
and SE b E. For the next points on each side under 
S 4 you will find 5° 18', which is the Deviation you want, 
and for the remaining points under S 2 the Deviation is 
2° 52'. 

In B and c every point must be taken out, as when 
using the Traverse Table. 

You must bear in mind that in using this table 
you must start from the right when filling up your 
form. 

The next operation will be to find the value of the 
Coefficients from the Deviation on certain points, which 
you ascertain by swinging the Ship. 

As it is impossible to swing a Ship in the Examination 
Koom, you will have to imitate the process with a toy 
called a Deviascope. 

The Deviascope 

This instrument consists of a movable stand upon a 
pedestal; when the instrument is being used the stand 
is fixed North and South Correct Magnetic by means of a 
painted Compass upon the stand and a real Compass 
upon the model of the deck of a Ship, which is mounted 
upon the stand by a metal arm with a socket, which 
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works on a centre pin, thus allowing the model to be 
swung in any direction. The Compass is placed on 
the deck, exactly over the socket. Two metal pointers in 
a direct fore-and-aft line are fixed on the model immedi- 
ately over the painted Compass, in order to indicate the 
direction of the model's head in any position to which 
it may be revolved by reference to the painted Compass. 
The model can be fixed in any position by a clamp screw. 
There is also a clamp screw on a semi-circle of brass under 
the deck, which keeps the model upright. When it is 
desired to heel the model this screw is slackened, and 
tightened up again when the amount of heel required is 
given by canting the deck. 

Thirty-two radial grooves are cut on the deck of the 
model, indicating the various points of the Compass. 
Into these grooves Magnets are inserted to deflect the 
Needle and represent the Sub-permanent Magnetism due 
to the position of the Ship's Head when building. Thus 
if the Ship's Head when building was NNE, one Magnet 
with its red pole towards the Compass would be placed in 
the second radial groove from right ahead on the Starboard 
Bow, and another Magnet with its blue pole toward the 
Compass in the second radial groove from right astern on 
the Port Quarter. 

The fore-and-aft and athwartship radial grooves are 
used for placing the compensating Magnets. 

Soft iron bars, representing athwartship beams, and 
producing Quadrantal Deviation -h d or — d, can be intro- 
duced under the deck. 

A brass tube is fixed beneath the deck directly under 
the centre of the Compass, in which a Magnet can be 
placed to represent the Vertical component of the Ship's 
Sub-permanent Magnetism, which is one of the causes of 
Heeling Error. Above the deck, and directly under the 
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Compass, is another brass tube, in which a smaller Magnet 
for compensating Heeling Error may be inserted. 

The amomit of Heel of the model, or the fact that 
it is upright, is registered by means of a pendulum 
abaft the Compass. This instrument is called a 
Chnometer. 

Cast-iron globes for compensating Quadrantal Devia- 
tion can be adjusted to a brass movable ring round the 
Compass bowl. 

Abaft the Compass is a Dumb Compass Card called a 
Pelorus, on a stand ; it is fitted with sight vanes. This Dumb 
Card can be fixed in any position by a clamp screw at the 
side, and the sight vanes can be secured by a screw at 
the top. 

It will thus be seen that the Deviascope can be made 
to assume any position, to represent a Ship in all her 
magnetic conditions, and to show how these magnetic 
conditions are to be neutralised by compensation. 

As everj'^ operation that is carried on in a Ship is 
conducted in precisely the same way with the Deviascope, 
I will explain how it is all done with the latter instrument, 
only asking you to bear in mind that everything you do 
with the Deviascope on shore is equally applicable to a 
Ship at sea. 

The first step in the Examination Boom is to find the 
Correct Magnetic Bearing of a distant object, which will 
be some point in the room, or out of the window, which 
we will call a. 

Put the Deviascope's Head East by its Compass, take the 
bearing of A, and write it down ; then put the Deviascope's 
Head West by its Compass, take another bearing of A, and 
write it down. The mean of these two bearings is the 
Correct Magnetic Bearing of A very nearly, and near 
enough. Or you can take the first bearing with the 
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Deviascope's Head West, and the second bearing with its 
Head East, it matters not which. 

Fix the sight vanes on the Dumb Card to the Correct 
Magnetic Bearing of A, as shown on the face of the 
card, and do not move it again during the whole of the 
succeeding operations. To find Coefl&cient b : b has its 
maximum on East and West, therefore turn the Dumb 
Card till its East point is on its lubber line, and fix it there 
by the screw. Next turn the Deviascope's Head till the 
sight vanes on the Dumb Card are on with A. The 
Deviascope's Head is now East Correct Magnetic, and the 
difference between that and the point indicated by a 
Deviascope's Compass is the Deviation ; it is Easterly if 
the Needle has been drawn to the right, Westerly if it 
has been drawn to the left. The amount of Deviation 
so found is Coefficient B, provided there is no A or e to 
interfere. To make sure on that point : turn the Dumb 
Card till its West Point is on with its lubber line and 
fix it ; then turn the Deviascope's Head till A comes on 
with the sight vanes on the Dumb Card. The Devia- 
scope's Head is then West Correct Magnetic, and the 
difference between West and the point West on the 
Deviascope's Compass Card is the Deviation with the 
Deviascope's Head West. If the Deviation is the same 
Head East and Head West it is due entirely to Coefficient 
B ; but if the Deviations are dissimilar the difference 
between them is to be accounted for by A or e or by some 
combination of the two. Instead of commencing by find- 
ing the Deviation Head East, and then finding it Head 
West, you can find it for the West first and then for the 
East ; it does not matter which you take first. 

To find the value of B and its proper sign. B is the 
mean of the Deviations on the East and West Points. 
The easiest way to find this mean is to add the Deviations 

VOL. II. B 
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together, changing the sign of that on the West Point, and 

divide by 2. 

Thus 

Deviation Head East 19-2° W = - 19-2° 
„ WeBt21-4<»E = - 21-4^ 

2 ) - 40-6<> 

B = - 20-3° 

Again: 

Deviation Head East 171° E = + 111" 
„ West 16-2° W = j4- 16-2° 

2 ) + 33-3° 



B = + 16'6*» 

In each case the sign of the Deviation on the West 
Point is changed before adding the two together.. 

To find c proceed in a precisely similar manner. But 
as Coefficient c has its maximum on North and South, 
the Dumb Card must be fixed on North, and the Devia- 
scope's Head turned till A comes on with the sight vanes 
The difference between North and the point North on the 
Deviascope*s Compass Card is the Deviation Head North. 

Next find in the same way the Deviation Head South, 
being very careful never to move the position of the sight 
vanes on the Dumb Card. To ascertain the value and 
sign of Coefficient c add together the Deviations on the 
North and South Points, changing the sign of that on 
the latter, and divide by 2. 

Thus 

Deviation Ship's Head North 126° E = + 12-6° 
„ South 13-8° W = + 13-8° 



2 ) + 26-4° 



c = + 13-2«> 
Again : 

Deviation Ship's Head South 10*8° E = - 10-8® 

„ North 11-6° W = - ll-e'^ 



2 ) - 22-4« 
c = - 11-4° 
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It is immaterial which Deviation you find first, yon 
may swing your Ship first North and then South, or vice 
versa. 

To find the Quadrantal Coefficients D and e. 

For D proceed in precisely the same way. But as 
D has its maximum on the Quadrantal Points the Dumb 
Card must be fixed to the Quadrantal Points, and the 
Deviascope's Head turned until in each case A comes on 
the sight vanes. Write down the amount of Deviation 
on each Quadrantal Point and attach the proper signs. 

To find the value and sign of the Coefficient : take 
the mean of the Deviations on the four Quadrantal 
Points. The easiest way of doing this is to change the 
sign of the Deviations on the NW and SE Points 
in order that the Deviations may all have the same sign, 
-h or — ; then add them together and divide by 4 ; the 
result is Coefficient D, -f- or — as the case may be. 

To find Coefficient E. E is also Quadrantal, therefore 
proceed in the same way as in finding d. But as e has 
its maximum on the Cardinal Points, the Dumb Card must 
be fixed on the Cardinal Points, and the Deviascope*s Head 
tiunied until A comes on with the sight vanes. The 
difference between each.Cardinal Point on the Dumb Card 
and the same Point on the Deviascope*s Compass is the 
Deviation. Write them down, and prefix the proper 
signs. Then change the signs on East and West, add all 
the Deviations together, and divide by 4; the result is 
E, + or — as the case may be. 

To find A. You have the Deviations on the Cardinal 
and Quadrantal Points. Add all the + Deviations together, 
and all the — Deviations together ; the difference divided 
by 8 will be A with the sign of that difference. 

You have now got all the Coefficients, and from them 
you can, if you are so minded, construct a table of 

R 2 
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Deviations for every Point of the Compass by the method 
ahready described. 

All this can be done on board ship with the help of a 
Dumb Card, by first finding the Correct Magnetic Bearing 
of a distant object on shore, or of a Heavenly Body, and 
swinging the Ship ; in fact, by proceeding in precisely the 
same manner as though you were using a Deviascope 
and taking the bearings of a gas-jet in the room, or of 
the cornice of a house across the street. 

In actual practice it will often be found exceedingly 
useful to do a small portion of this work to make sure of 
your Deviation on one or two Courses. For instance, on 
entering the Channel it might be of the greatest service 
to make sure of your Deviation on your up-Channel 
Course by bearings of, say, the Bishop Light. Let us 
suppose that you wdsh to make sure of your Deviation 
on an EJN Correct Magnetic Course with the help of the 
Dumb Card. 

Put the Ship's Head East by Compass, take the Bearing 
of the lighthouse by Compass ; similarly take the Bearing 
with the Ship's Head West : the mean is the Correct Mag- 
netic Bearing of the lighthouse. Fix the sight vanes on the 
Dumb Card to this Correct Magnetic Bearing, and fix 
the Dumb Card to E^N. Turn the Ship till the sight 
vanes are on with the lighthouse ; your Ship's Head is 
now Correct Magnetic E^N, and the Compass points to 
the Course you have got to steer in order to make that 
Course good, remembering, however, that you must make 
allowances for change in Variation as you proceed up 
Channel. 

This can all be done without a Dumb Card ; but as 
the difliculties attending the operation are diminished by 
means of the card, it is advisable to use it. It is needless 
to say that the greater the distance of the distant object 
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from you the better. It should never be nearer than 5 or 
6 miles. 

Having shown how to ascertain Deviations, how to 
resolve Deviations into their Coefficients, and to dissolve 
Coefficients into their Deviations, the next thing to consider 
is how Deviations are to be compensated. 

Compensation 

Deviation being largely caused by Magnetic disturb- 
ance due to Magnetism acquired by the Ship during 
construction, it is advisable before attempting to compen- 
sate that she should be laid for a time with her Head in 
the opposite direction to that in which she was built, in 
order to get rid of as much Sub-permanent Magnetism as 
possible. The remaining Magnetism, and it is probably 
a large remainder, is compensated by the application of 
Magnets acting in lines contrary to the lines of the dis- 
turbing forces. 

Compensating Magnets must not be placed nearer to 
the Needle than twice their length, otherwise their action 
will not be uniform on the Compass Needle. 

To compensate B. — Coefficient b represents a fore-and- 
aft disturbing Magnetic force, either attracting the Needle 
to or repelling it from the Bow. B being at its maximum at 
East or West, the Ship's Head must be put East or West 
to compensate it. Compensation is made by placing Mag- 
nets in a fore-and-aft line parallel to the line of the keel, 
with their centres on the athwartship line of the Ship that 
passes under the centre of the Needle. If you have -h b 
the North-seeking or Bed end of the Needle is attracted 
towards the Bow, and the Magnets must be placed with 
their Bed ends forward in order to counteract this attrac- 
tion. Bring them closer to or move them further from 
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the Needle till it is brought to its proper position, and 
4- B is compensated. 

If you have — B, the Bed Pole of the Needle is 
repelled from the Bow, and the compensating Magnets 
must be placed with their Blue ends forward in order to 
counteract this repulsion. The whole of B is thus com- 
pensated on the assumption that it is all due to Sub-perma- 
nent Magnetism; but a portion of it may be due to 
Induction in Vertical soft iron. 

This portion of B is compensated by means of a 
Flinders* Bar — that is to say, a bar of soft iron, placed in 
the fore-and-aft line of the Ship in front of the Compass if 
the disturbing force is aft, and abaft the Compass if it is 
forward. The Induction in the Flinders* Bar will in 
quality and quantity be the same as that in the Vertical 
soft iron, and will consequently counteract it. The diffi- 
culty is to ascertain what portion of b is due to 
Induction. 

It is practically impossible to find this out unless the 
Ship is on the Magnetic Equator. In that situation there 
would be no Induction in Vertical iron, and the whole of B 
would be due to Sub-permanent Magnetism. Assuming the 
disturbance caused by Sub-permanent Magnetism to be 
counterbalanced, any error arising after the Ship had left 
the Magnetic Equator would be due to Induction, and 
could be compensated by a Flinders' Bar. But you cannot 
take a Ship out to the Equator to make your compensa- 
tions, and practically all that you can do is to calculate the 
disturbance caused by Vertical soft iron and compensate 
it by a Flinders* Bar. 

B and c bear a certain proportion to each other in 
the generality of Ships. If your B and c bear this pro- 
portion to each other they are normal, and you may 
make your compensation for Sub-permanent Magnetism 
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only. But if your B and c are not normal, you may 
conclude that some of B is due to Induction in Vertical 
iron. Compensate B for the normal amount of Semi- 
circular Deviation, and compensate the balance by a 
Flinders* Bar, and you will have got as near to the correct 
compensation as possible. The compensation will not be 
accurate, but none of them are. If it were possible to 
neutralise all the disturbing Magnetic forces in a Ship for 
all Latitudes and all time, your Compass would have no 
Deviation, and mariners would be relieved of an immense 
amount of anxiety and bother. 

To compensate c. — c represents an athwartship dis- 
turbing force, attracting or repelling the Needle to or 
from the Starboard side. It has its maximum on the 
North and South Points. Put the Ship's Head North 
or South Correct Magnetic, and compensate by Magnets 
placed athwartship on the fore-and-aft line of the Ship 
passing under the centre of the Needle. If you have + c, 
which is an attraction towards the Starboard side, the 
Magnets must be placed with their Bed Poles towards 
the Starboard side. If you have — o, their Blue Poles 
must be turned towards the Starboard side. Move them 
closer to or further from the Needle till the compensa- 
tion is made. 

D represents a disturbing Magnetic force due to Induced 
Magnetism in Horizontal fore-and-aft and athwartship 
soft iron. Being due to a transitory cause, namely. Induc- 
tion in soft iron, it is corrected by a transitory correction, 
namely, Induction in other soft iron. Two soft iron globes 
attached to the binnacle, having their centres in the same 
Horizontal plane as the centre of the Compass Needle, are 
used for this compensation. They should not be nearer 
the Needle than 1^^ times its length, otherwise they might 
be magnetised by the Needle. 
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In the two diagrams below a Ship is represented in two 
different positions with regard to the Magnetic Meridian. 
In one her Head is N W, and we see that the beam d f has 
Red Polarity induced in its Starboard end and Blue 
Polarity in its Port end. The effect of this would be to 
repel the North-seeking end of the Needle from the 
Starboard side, thus causing Westerly Deviation. To effect 
compensation introduce the soft iron globes on either side 

Fig. 123 



NW 




of the Compass bowl, represented in the diagram by E 
and G. These globes are affected by the Magnetism of the 
Earth, and Eed Polarity is induced in that half of them 
which is turned towards the Magnetic North, and Blue 
Polarity in the other half. Now observe the effect. 
The Blue Polarity of the Ball counteracts the Eed 
Polarity of the Beam, and so neutralises the effect on the 
Needle. 

These Balls exert a contrary effect to that produced by 
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continuous iron Beams for any position of the Ship's 
Head. I give another diagram with the Ship's Head SW. 
In this both the Magnetisms are reversed, but they still 
counteract one another in the effect on the Compass 
Needle, as a glance will show. 

+ D causes a deflection of the Needle towards the right 
with the Ship's Head in the NE and SW Quadrants, and 
is at its maximum at NE and SW. It causes a deflection 
to the left with the Ship's Head in the NW and SE 
Quadrants and in its maximum at NW and SE. The 
compensating globes must in this case be placed on the 
athwartship line of the Ship with the Ship's Head on a 
Quadrantal Point, and brought nearer to the Compass 
bowl or further from it till the compensation is made. 

In the case of — d, which causes deflection of the 
Needle in opposite directions to that caused by + d, the 
compensating globes must be placed in the fore-and-aft 
line of the Ship ; but this condition of affairs is of very 
rare occurrence. 

This compensation once made is good in all Latitudes, 
because as the Inductive force of the Earth acts equally on 
the soft iron of the Ship and on the soft iron globes, the 
disturbing and correcting forces remain always relatively 
the same. 

E is very rarely found in sufficient amount to be com- 
pensated, and may be passed over, and the same may be 
said of A. 

To compensate for Heeling Error. — Place the Ship's 
Head North or South where the Error is at its maximum, 
and list the Ship over to, say, about 10°. If the North- 
seeking end of the Needle is drawn to the high side, a 
Magnet must be placed directly under the centre of the 
Compass Card, in a line between the keel and the centre 
of the Compass Card, with its Bed Pole up. If the Needle 
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is drawn to the low side, the Magnet must be placed 
with its Blue Pole up. Bring the Magnet closer to 
or further from the Needle until the necessary correction 
is made. 

In diagrams Fig. 124, ab is the vertical line, de the 
downward pull of the Ship's Sub-permanent Magnetism, 
in this case supposed to be Blue, c the Compass, and n 
the Compass Needle, the barbed end of which is the Red or 
North-seeking end. A glance at these diagrams shows that 
when the Ship is upright the downward pull de simply 
tends to depress the North-seeking end of the Needle. 
But when the Ship heels over the Compass remains 

Fio. 124 




horizontal, and the downward pull, now no longer vertical, 
but inclined towards the high side, deflects the Needle 
towards that side. If the Sub-permanent Magnetism of the 
Ship were Red exactly the opposite effects would be pro- 
duced. 

This has nothing whatever to do with Heeling Error 
due to athwartship Beams, for which no special compen- 
sation has been devised. 

Heeling Error can be found without listing the 
Ship by means of a Dipping Needle. A Dipping Needle 
is a Magnet like an ordinary Compass Needle, so mounted 
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as to be free to move in a Vertical plane. Attached to its 
centre is a sliding weight. In some place which is free 
from any disturbing Magnetic influence except that of 
the Earth, adjust the weight until the Needle assumes a 
Horizontal position — in other words, counterbalance the 
effect of the Vertical component of the Earth's Magnetism, 
setting the Needle approximately North and South during 
the operation. 

Eemove your Compass, pivot and all, from the bowl, 
and in its place ship the Dipping Needle. Then if with 
your Ship's Head North the Dipping Needle dips to the 
North, place the Magnet directly under the Compass 
with its Red end up, and adjust it imtil the Needle lies 
horizontally. If the Needle dips towards the South, the 
Magnet must be reversed. The reason of this operation 
is that the Needle being by the weight attached to it 
compensated as it were for the Vertical pull of the 
Earth, any dip that the Needle shows when placed in your 
Compass bowl must be due to a Vertical pull in the Ship, 
and one of the principal causes of Heeling Error is the 
Vertical component of the Sub-permanent Magnetism of 
the Ship, and this you compensate by the application of 
Magnets as above described. But there will remain 
Heeling Error due, as has been already mentioned, to 
Horizontal transverse Beams becoming more or less 
Vertical. This will remain uncompensated. But you 
have at any rate compensated the one constant cause 
of Heeling Error that exists, and you must find out the 
other by experiment. On the other hand, if you discover 
and compensate Heeling Error by listing the Ship over, 
you will have corrected Heeling Error due to two causes ; 
but one of them, namely. Induced Magnetism, in 
tranverse iron, will be constantly changing as you change 
your Magnetic Latitude, and, as you don't know how 
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much of your Error is due to this one, cause, the com- 
pensation will be faulty. On the whole, therefore, the 
Dipping Needle is the best means to employ. 

In describing these compensations, Magnets have been 
spoken of as placed upon the deck. They need not be 
placed upon the deck, but may be put in any convenient 
place, provided that they are properly situated and aligned 
in respect to the Compass Needle. As a fact, they are 
generally inserted in the Binnacle. 

In making the compensations on the Deviascope, you 
will find the Compass of the Deviascope already deflected 
by Magnets placed for the purpose. On the deck of the 
Deviascope are grooves in the direction of every point of 
the Compass, and you will be given little Magnets so 
constructed as to slide along the grooves. Their ends 
are marked Eed and Blue respectively, the Eed of course 
being the Negative or North-seeking end of the Needle, 
and the Blue the Positive or South-seeking Pole. A bar 
of soft iron is used to create Error from Induction in 
vertical iron, and is placed by the examiner before or abaft 
the Compass as he thinks fit ; you will be given a 
Flinders* Bar to make the compensation with* You will 
be given two soft iron globes made to fit on either side of 
the Binnacle, wherewith to compensate D ; and a small 
Magnet with which to correct Heeling Error, if any 
exists. With these implements you will have to make 
all the compensations. That is the best description I 
can give of the Deviascope and its uses; it is scarcely 
necessary to say that a candidate ought, before going up 
for an examination, to make himself quite familiar with 
the use of the instrument. 



Digitized by 



Google 



253 



CHAPTEE XXVII 
THE LAW OF STORMS 

{Bequiredfor First Mate) 

That somewhat neglected science, Meteorology, is a very 
interesting branch of knowledge, which should be studied 
by the seaman, as he will thereby acquire much useful 
information, respecting storms in general and atmo- 
spherical disturbances of all kinds. But in speaking of the 
Law of Storms in a navigational sense, the expression is 
generally limited to the law of Circular Storms, or Cyclones, 
and it is of the utmost importance that every mariner 
should, for the safe-conduct of a foreign-going ship, have 
a very good idea of the nature of those phenomena. 
Moreover, he will be cross-questioned on that subject in the 
Board of Trade Examination. 

The Earth is surrounded by an envelope of air, which, 
according to different authorities, exists to a height of 
from 45 to 200 miles. The atmosphere may be considered 
to consist of minute particles, each of which is indepen- 
dently attracted to the Earth by gravitation — that is to 
say, each particle has weight. Air is an elastic body, which 
means that it is capable of expansion and contraction. As a 
general rule it is expanded by heat and contracted by cold. 
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This property of air enables it to drive what are known as 
Hot Air Engines. 

The Mercurial Barometer, — Now air being an elastic 
body, it is quite clear that that portion of it which is nearest 
to the Earth must be compressed by the immense mass of 
air above it, and is consequently denser and heavier than any 
other portion of the atmosphere. A very ingenious Italian 
scientist, named Torricelli, a pupil of Galileo, in the year 
1643 A.D. took a tube about 36 inches long, hermetically 
sealed at one end, and filled it with mercury. He then placed 
his finger over the open end, inverted the tube, and plunged 
it into a bowl of mercury. Having removed his finger from 
the open end, he found that the mercury in the tube, instead 
of running out, only sank to a height of about 30 inches 
above the level of the mercury in the bowl. Why did it not 
run out ? Because there was a vacuum above the mercury 
in the tube, and therefore no pressure upon its surface, 
while upon the surface of the mercury in the bowl was the 
pressure of the Earth's atmosphere. Now a column of 
mercury 30 inches long and 1 inch in diameter, that is, of 
1 square inch sectional area, contains 30 cubic inches of 
mercury, weighing 15 lb., and this is evidently the 
weight at the level of the sea of a column of the atmo- 
sphere having the same sectional area, because the 
two columns balance each other. If water, which is 
13 i times lighter than mercury, be used, then the tube 
must be 30 inches multiplied by 13^, or 33J feet in 
length. 

The ordinary mercurial barometer is nothing more nor 
less than an instrument constructed on this principle for 
weighing the atmosphere. The mercurial column faUs 
when the atmosphere becomes thinner and lighter by 
expansion, and rises when it becomes denser and heavier 
by compression. When the atmosphere is abnormally 
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light, the tendency is for the surrounding atmosphere to 
restore normal conditions by rushing in, consequently a 
falling glass indicates bad weather, whereas a rising glass 
indicates a restoration to natural equilibrium, and generally 
shows fine weather. 

The Aneroid Barometer. — The aneroid or dry barometer 
consists of a corrugated metal box from which most of the 
air has been pumped. The box is kept from collapsing by 
an internal spring, which naturally expands when the atmo- 
spheric pressure decreases, and is forced inwards when the 
atmosphere becomes heavier. By a mechanical arrange- 
ment the hand on the dial is made to register the amount of 
compression or expansion of this box. For many purposes 
this instrument is superior to the mercurial barometer. It 
is lighter, more easily carried about, and indicates change 
of pressure more rapidly. But its weakness is that it 
does not record absolute pressure, nor does it preserve its 
accuracy, as the spring may become weaker, or the parts 
may get rusty. Therefore it is necessary that it should 
be compared periodically with a mercurial barometer. To 
the seaman, however, the variation in pressure of the 
atmosphere is of much greater importance than its 
absolute weight, and in this regard the aneroid is a most 
useful instrument. 

The scale of a barometer is divided into inches, and 
tenths and hundredths of skn inch. In a first-class instru- 
ment the readings are taken by means of a Vernier. 

The Thermometer. — The thermometer is an instrument 
which measures heat, and is in no way affected by the 
changes of pressure in the atmosphere. 

It consists of a glass tube, of very small bore, with a 
bulb at one end which is filled with mercury, and heated 
to expel the air. When quite full of warm mercury the 
open end is hermetically sealed. As the mercury cools it 
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contracts, and leaves an empty space at the top of the 
tube. It is then placed in a mixture of ice and water, for 
melting ice has always the same temperature. The point 
to which the mercury falls is marked on the tube, and is 
called Freezing Point. It is then put into boiling water. 
The mercury expands, and the point to which it rises in 
the tube is marked, and is called Boiling Point. In 
English thermometers Freezing Point is 32**, and Boiling 
Point is 212°. The space between them is divided into 
180 equal parts, which are degrees of temperature. 
Below Freezing Point the scale is continued, but, except 
in specially constructed instruments, readings of extreme 
temperatures are very unreliable. As a cold temperature 
cools the mercury in the bulb it contracts, and the column 
in the tube falls, and as the mercury expands under the 
effect of heat, the column rises for a warmer tempera^ 
ture. 

England, France, and Germany use thermometers cut 
to different scales. 

England, Fahrenheit: Freezing Point 32 degrees, 
Boiling Point 212 degrees, difference 180 degrees. 

France, Centigrade : Freezing Point degrees, Boiling 
Point 100 degrees, difference 100 degrees. 

Germany, Eeaumur : Freezing point degrees, Boil* 
ing Point 80 degrees, difference 80 degrees. 

The Hygrometer is an instrument for recording the 
amount of moisture in the air. It consists of two 
thermometers in a frame whose bulbs should be at least 
four inches apart. One of these bulbs is left freely 
exposed to the air, but not to the wind; the other is 
covered with some cotton or woollen material which is 
kept constantly wet. The action of the instrument 
depends upon the more or less rapid evaporation of the 
moisture round the covered bulb, which varies with the 
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amount of moisture in the air. If the air is saturated with 
moisture, there will be little or no difference in the 
readings of the two thermometers, because there will be 
little or no evaporation. But if the air is dry the 
evaporation from the wet bulb will be the more rapid, and 
naturally its temperature will fall owing to the loss of 
heat caused by this evaporation ; and, consequently, there 
will be a considerable difference between the readings of 
the two thermometers. Hence the drier the atmosphere 
the greater will be the difference of temperature recorded 
by the instrument; but when the air is saturated with 
moisture the readings will be the same. 

Wind is air in motion. How it is set in motion it is 
difficult to say, but the most common causes are : 

1st. Unequal expansion of the atmosphere, and the 
natural tendency of fluid to flow towards places where the 
pressure is less, and restore equilibrium, and 

2nd. The magnetic condition of the Earth and the 
Sun, about which very little is known. 

The wind is named according to the point of the 
Compass from which it blows, and of course it varies very 
considerably in rapidity of motion. Beaufort's scale of 
wind pressure, as generally adopted in England, is as 
follows : 



Hourly Velocity 


Scale Number 







1 mile 


1 


2 to 3 miles 


2 


4 „ 7 „ 


3 


9 „ 15 „ 


4 


16 „ 18 „ 


5 


19 „ 22 „ 


6 


23 „ 28 „ 


7 


28 „ 40 „ 


8 


40 „ 48 ,. 


9 


48 „ 66 „ 


10 


67 „ 80 „ 


11 


80 „ 100 „ 


12 


VOL. II. 





Cliaraoter of Wind 

Calm 
Light airs 
Light breeze 
(Gentle breeze 
Moderate breeze 
Fresh breeze 
Strong breeze 
Moderate gale 
Fresh gale 
Strong gale 
Whole gale 
Storm 
Hurricane 
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Currents of air, tolerably constant both in direction 
and force, such as the Trade Winds, the Westerly Winds 
in high Latitude, &c., prevail over certain portions of 
the surface of the Globe. But the subject which I am 
here dealing with has nothing to do with such regular 
winds, for though it is quite possible that a prevailing 
wind may rise to the velocity or strength of a gale, the 
most furious winds are in nearly all cases portions of 
those meteorological phenomena known as Cyclones, or 
Circular Storms. 

They generally make a commencement somewhere in 
the neighbourhood of the Equator. A small area of wind 
rushing violently round is formed, and this gathers 
more and more air to itself, much as a snowball sent 
rolling gathers more and more snow, till a whirlwind 
which originally was not more than perhaps 100 yards 
in diameter becomes, before it is dissipated, 500 miles 
or more in diameter. It is upon the chief characteristics 
of these cyclones that I have to speak. 

In the North Atlantic cyclones commence usually at 
from 6 to 8 degrees North Latitude. They travel to the 
Westward and North- West ward, till they arrive in the 
neighbourhood of the West Indies, where they curve to 
the North and then to the North-Eastward, moving 
across the Atlantic almost along the path of the Gulf 
Stream, increasing in diameter, and gradually diminishing 
in energy, till they at last blow themselves out in the 
vicinity of the British Isles. 

In the Southern Hemisphere the cyclonic storm 
originates near the Equator, travels to the Westward and 
South- West ward, and recurves to the Southward and 
South-Eastward. 

One great peculiarity of these storms, worthy of most 
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particular attention, is that in the Southern Hemisphere 
they rotate in the same direction as the hands of a watch, 
whilst in the Northern Hemisphere they revolve in the 
opposite direction. 

Another fact to be noted is that the wind does not 
blow in a circle round the centre of the storm, but 
incurves considerably, and the nearer the centre the 
greater is the incurvation. Owing to the direction in 
which the storm rotates, and to the incurvation of the 
wind towards the centre, the following most important 
fact is established. When facing the wind in the 
Southern Hemisphere the centre of the storm will lie 
about 10 points to the left of the direction of the 
wind, while in the Northern Hemisphere it will lie 
about 10 points to the right of the direction of the 
wind. 

When a cyclone is encountered the mariner's principal 
business is to get away from the centre as fast as pos- 
sible. In the centre there is an awful sea and a terrific 
calm, alternating with most furious gusts: once in the 
centre he will be a lucky man who gets out of it without 
serious damage, if indeed he gets out at all. Therefore 
keep clear of the centre, and to do so you must find out 
where the centre is. 

There are two means by which a sailor can form a 
fairly accurate judgment as to his position with regard 
to the centre and as to the direction and rate of pro- 
gression of the storm. The first is the barometer, 
which invariably falls as the storm centre approaches, 
and rises as it recedes. The second is the change 
in the direction of the wind, which indicates the 
position of the ship with regard to the centre of the 
storm. 

8 2 
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The figure represents a cyclone in the Northern 
Hemisphere which is travelling to the North-Eastward. 
In speaking of a circular storm, the right-hand semi- 
circle is that half of it which lies to the right of the 
direction in which it is travelling ; the left-hand semi- 
circle is of course the other. 

Fio. 125 








-/ 




1 



./ 






In the Northern Hemisphere the right-hand semi- 
circle is sometimes called the dangerous semi-circle, and 
that to the left the * Navigable * semi-circle. In the 
Southern Hemisphere the reverse is the case. In the 
diagram the ship at A will have a falling barometer and 
a rising gale from the Eastward. It is to be presumed 
then that the centre bears from her S8W, and is 
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approaching. The progression of the storm shifts the 
ship's position to B ; the glass still falls, and the wind 
shifts to the left to ENE, that is to say the wind backs. 
These facts show that the ship is in the left-hand semi- 
circle. She must therefore be hove to on the port tack, 
because as the wind will be freeing her all the time she 
will not run the risk of being taken aback. As the storm 
progresses, the ship will assume the position c, having 
the wind at NE, glass very low but not falling. The 
inference is that the centre of the storm is passing clear 
of her. Then she will agsume the position d, with a rising 
barometer, falling wind, and weather improving — the 
storm centre is evidently passing away. Finally, when 
the storm leaves her at F, with the wind NNW, and 
fine weather, she may make sail and keep her course. 

Suppose, however, she gets the wind first at ESE, 
as in the position A in the second diagram ; the glass 
falls rapidly, and the wind increases in violence without 
changing its direction, and with terrific squalls. The 
probability, amounting almost to a certainty, is that she 
is right in the path of the storm, and to avoid the centre 
passing over her, as it would do if she hove to, she must 
run, keeping the wind aft, till the barometer begins to 
rise, and the wind to shift, when she may be hove to on 
the Port tack. Theorists recommend keeping the 
wind on the Starboard quarter, so as to make more sure 
of escaping the centre. The sea-going man will probably 
have his own opinion on the practicability of this advice. 

If a vessel* is in the right-hand semi-circle, as at K in 
the third diagram, the advance of the cyclone will cause 
the wind to shift to the right. Thus at K it is SSE, at 
L SE, at M SSW, at n WSW, and at p West. In this 
case she must be hove to on the Starboard tack. 

The universal rule for heaving to in any circular 
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storm in all parts of the world is : In the left-hand semi- 
circle the wind shifts to the left ; heave to on the Port 
tax)k. In the right-hand semi-circle the wind shifts to 
the right ; heave to on the Starboard tack. 

It may happen, however, that a ship is travelling 
faster than the cyclone, and in the same direction. Then 
the wind shifts to the left in the right-hand semi-circle, 
and to the right in the left-hand semi-circle. In such a 
case the barometer will indicate whether you are 
approaching or receding from the centre. 

Here is a diagram of a cyclone in the Southern 
Hemisphere, progressing to the North- Westward : 



Fig. 126 








A ship at A will get the wind at about WNW, at B 
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as the storm centre passes her at NW, at c at NNE, 
and at D at KE. She is therefore in the right-hand 
or navigable semi-circle. The barometer will fall till 
she gets to between B and d, when it will begin to rise. 

If she gets the wind at WSW, as at f, and it 
continues to blow with increasing violence, while the 
barometer falls, she must be in the track of the storm, 
and should run for safety. 

If, on the other hand, she gets the wind first at SSW, 
as at H, and it shifts to South, as at e, and then to SE, 
as at L, she is in the left-hand or dangerous semi-circle. 

In the Board of Trade examinations the following 
questions will be put to you on the subject of the Law of 
Storms : 

1. The direction of the wind in a cyclone being , 
state the probable bearing of its centre from the ship in 
the Hemisphere. 

2. And suppose that the wind during the passage of 
the same cyclone were found to change towards the ; 
what would be the ship's position with reference to the 
line of progression of the centre of the cyclone, and what 
action would you take ? 

3. Under what conditions would the change in the 
direction of the wind in the cyclone be the reverse of the 
above ? 

4. What are the usual indications of a ship being on 
the line of progression of the centre of a cyclone ? 

5. What are the usual indications that a ship is (a) 
approaching the centre of a cyclone ; (b) receding from it ? 

6. Describe the track usually taken by a cyclone in 
the , and state the seasons of the year in which 
they most frequently occur in that region. 

These are the six questions which are put to can- 
didates. The blanks are filled in by the Examiner. In 
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the first question he will give you any direction of the 
wind he thinks proper in the first blank space, and write 
either Northern or Southern in the second. 

In the second question he will write either right or 
left. 

And in the sixth the locality will be entered ; usually 
it is one of the four following parts of the sea, namely. 
North Atlantic, Bay of Bengal, China Seas, or South 
Indian Ocean. 

Here are some questions with their proper answers : 

1 (A). The direction of the wind in a cyclone being 
NNE, state the probable bearing of the centre from the 
ship in the Northern Hemisphere. 

The answer is about ten points to the right of the wind, 
that is, SE. 

1 (B). If the direction of the wind was SE, and you 
were in the Southern Hemisphere, what would the 
bearing of the centre be ? 

The answer is about ten points to the left of the wind, 
that is NNE. 

All you have to remember is, that when facing the 
wind, in the Northern Hemisphere the centre will bear 
about ten points to the right, in the Southern Hemisphere 
ten points to the left. 

2 (a). Suppose in the case of 1 (a) that the wind 
changes in direction towards the Eastward, what would 
be the ship's position with reference to the line of pro- 
gression of the cyclone, and what action would you take ? 

The answer is that as the wind is shifting to the right, 
you are in the right-hand semi-circle, and must heave to 
on the Starboard tack. Observe in this case wind shifts 
to the right ; you are in the right-ha.nd semi-circle, and 
you heave to on the Starboard (right) tack. What you 
have to remember is Eight, Eight, Eight. 
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2 (B). Suppose, as in the case of B, that the wind 
shifts to the Eastward, &c., &c., as in 2 (a). 

The answer is, as the wind shifts to the left, you are 
in the ^e/^-hand semi-circle, and must heave to on the 
Port tack. Left, Left, Left. 

3. Under what conditions would the change in the 
direction of the wind in the cyclone be the reverse of the 
above ? 

The answer is, if the ship is travelling faster than the 
cyclone, the shifts of vdnd in the right-hand semi-circle 
will be to the left, and in the left-hand semi-circle they 
will be to the right. It also might happen that a second 
cyclone were following the first, in which case similar 
phenomena might occur. But your barometer would 
indicate this ; it would rise as the first storm centre receded 
from it, but would fall again as the second storm centre 
approached. 

4. What are the usual indications of a ship being 
on the line of progression of the centre of a cyclone ? 

The answer is, that in that case there is hardly any 
change in the direction of the wind, which becomes more 
and more violent, the sea becomes heavier and more 
confused, and the barometer falls rapidly, while ugly 
banks of clouds appear in the direction of the centre. 

5. What are the usual indications that a ship is 
(a) approaching the centre of a cyclone; (6) receding 
from it ? 

The answer to (a) is that if you are approaching the 
centre of a cyclone the barometer falls quickly, the wind 
shifts more rapidly, and blows in furious gusts, while the 
seas momentarily become more dangerous. 

The answer to (b) is precisely the reverse of that to (a). 
The barometer rises, sea smoothes, and wind decreases in 
velocity, and its direction shifts less rapidly. 
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6 (A). Describe the track usually taken by a cyclone 
in the North Atlantic Ocean, and state the seasons of the 
year in which they most frequently occur in that region. 

The answer is, that these cyclones commence near the 
Equator in Latitude 8° to 18° N, and are at first of small 
dimensions, but of tremendous energy; they generally 
travel to the WNW, gradually curving to the Northward 
till they have passed the Northern Tropic, when they 
recurve to the North-Eastward. They most frequently 
occur in August and September, and less often in June, 
July, and October. 

6 (b). In the Bay of Bengal. 

These cyclones occur about the times of the change of 
the monsoons, that is to say, in April and May, and in 
October and November. They generally commence at 
the East side or middle of the Bay, and travel from West 
toNbW. 

6 (c). In the China Seas. 

There appear to be two distinct species of cyclones in 
these Seas. One species, which occur between July and 
November, but are most frequent in August and September, 
first travel West and then North towards Japan. 

The other, which travel West and then South across 
the China Sea, may occur at any time, but are most 
frequently experienced at the beginning and end of the 
regular Typhoon season. 

6 (D). In the South Indian Ocean. 

These cyclones occur between November and May, 
but most frequently in January, February, and March. 
They generally conmience in Latitude 6** to 18® S, travel 
South- Westerly, recurve near the Southern Tropic, and 
then go to the South-Eastward. 

This is all the information that the Board of Trade 
Examiners require you to give. The answers must be in 
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writing, and you must be prepared also to reply to any 
verbal questions on the subject. 

For full information on this very interesting subject 
consult * Piddington Sailors* Horn Book for the Law of 
Storms,' Eedfield's ' Observations on Hurricanes and 
Storms,' and Eosser's work on the * Law of Slorms * ; 
any seaman, whether in the Foreign or Home Trade, 
cannot fail to derive enjoyment and profit from a perusal 
of Maury's ' Physical Geography of the Sea.* 

Though these North Atlantic cyclones lose their very 
strongly marked cyclonic character before reaching the 
neighbourhood of the British Islands, their circular nature 
is still clearly indicated, heavy gales of wind from the 
Westward and Southward being frequently followed 
by a harder blow from the Northward and Westward, 
after an interval of partial and sometimes of complete 
calm. The period of calm indicating the centre of the 
storm may last many hours, showing that a cyclone of 
perhaps not more than ten miles in diameter, originating 
thousands of miles to the Westward, has, in its passage 
across the ocean, expanded itself to a diameter of perhaps 
three hundred or more. The worst weatherin the Channel 
very frequently sets in with the wind South-Easterly, 
and finishes with the wind North- Westerly, having veered 
right round by South. 
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CHAPTEK XXVIII 

DEDUCTION OF THE FORMULAS USED IN NAUTICAL 
ASTRONOMY 

No practical advantage is to be derived, either at sea or in 
the examination, from knowing how the various working 
formulas are obtained ; but as some may prefer to under- 
stand for themselves how the formulas are arrived at 
instead of accepting them on the word of others, a short 
explanation may not be out of place. 

The simpler problems of Nautical Astronomy consist in 
the determination of some side or angle of a spherical 
triangle when certain other sides or angles are known. 
The determination of time from an Observed Altitude; 
Compass Correction by Altitude Azimuths or Time 
Azimuths ; Latitude by an Ex-Meridian or Beduction to 
the Meridian ; and Latitude from an observation of the 
Pole Star, are all examples of this. In the more difficult 
problems of Lunars and Double Altitudes, the solution of 
two or more triangles is involved. The various working 
formulas which have been given are merely easy methods 
of finding the required part of the triangle from the known 
parts adapted to each particular case. 

Let A B c be a Spherical Triangle of which the sides 

1 n ^ • 1^ a + b + c 
are a, b, c; and for convenience let s = ~ . 
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The various formulas of Spherical Trigonometry are 
derived from the fundamental formula 

Cos c = Cos a Cos b + Sin a Sin b Cos c. 



Fig. 127 




For the proof of this formula and the deduction of the 
formulas derived from it, reference should be made to any 
book on Spherical Trigonometry. Among the derived 
formulas are the three given in Chap. XVII., namely— 



(i) 



Cos ^ = / Sin s X Sin (s — a ) 



■J 



Sin 6 X Sin c 



(ii) 



(iii) 



Sin b Sin c 

Hav 6 = Sin b x Sin c x Hav l ) 

Vers a = Vers (6 -w c) + Vers 6 J 

Tani(6 + c) = J?i«-(^xTan^) 
^ Cos i (B + c) 2 

Tani(6-c) = ^^^i-f-^!-xTan^ 
^ ^ Sm ^ (B + c) 2 



and to these may be added 

i\x\ ftin« ^ - Sin (g -- 6) X Sin (g - c ) 
^ ^ 2 Sinftx Sine 



Sin 



2 2 

Sin 6 X Sin c 
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or what is the same thing 

(V) HavA =r y"?^ {a-b -\ - c) x VHav(a"+ f^ c 

Sin b X Sin c 

(vi) Vers a - Vers (6 + c) = - 2 Cos' ^ Sin 6 Sin c 
Vers a - Vers (6 - c) = + 2 Sin' ^ Sin 6 Sin c 

Taking the problems in the order in which they occur 
in the book, we have : 

I. Longitude by Sun and Chrotionieter (Chap. XIII,). — 
First draw a figure to show clearly what is known and 
what is required. Diagram No. 128 is drawn on the plane 

Fia. 128 
N 




of the Horizon ; z is the Zenith ; p is the Pole ; x is the 
Sun ; N w R s E is the Horizon ; and w m e is the Equator. 
Then x r is the Altitude, and subtractinji; from 90**, we get 
z X the Zenith Distance, x m is the Declination, and 
subtracting from 90° we get p x the Polar Distance ; P z is 
the Colatitude. Thus the three sides of the triangle P x z 
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are all known, z x being derived from observation, px 
from the Nautical Almanac, and p z by Dead Reckoning. 
We require to find the angle XPZ, the Sun's Hour 
Angle, or Apparent Time at Ship. 

z X = 90° - Alt. ; PX = P. D. ; p z = 90** - Lat. 
Comparing the triangle x p z with the triangle A b c, 
we see that 

Fig. 129 
A 





A corresponds to H. A. 
a „ „ 90^ - Alt. 

h „ „ 90*^ - Lat. 

c „ „ R D. 

Let us substitute these values in the formula : 
Q • 2 ^ _ Sin i (an- b — c)_x Sin ^ (a — 6 + c) 

2 ■" Sin 6 X Sine 

(1) a + 6 - c ^ 90° - Alt. + 90° - Lat. - P. D. 
= 180° - (Alt. + Lat. + P. D.) 

• ?_± ^ ^ = qo° — AJt + Lat. H-P. D. 
2 2 

a + 6 - c ^ gj^ /qqo _ A1[M;-Lat. +P. D.\ 

, Alt. + Lat . -f P.P . 
2 



Sin' 



= Cos- 



= Cos i Sum. 



(2) a - 6 + c = 90° - Alt. - (90° - Lat.) + P. D. 
= 90° - Alt. - 90° + Lat. + P. D. 
= Lat. + P. D. + Alt. - 2 Alt. 
.^ a - 6 + c ^Lat. + P D. + Alt. __ ^^ ^ ^^^^ 
A A 

:. Sin " ~ ?^t^ = Sin Rem. 
2 
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(3) 



(4) 
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6 = 90^ - Lat. /. Sin b = Cos Lat. 

J-f=r 4-r=SecLat. 
Sin b Cos Lat. 



<?=P.D. /. 



Sine SinP.D! 



=CosecP.D. 



Fig. 129 





H A 

Therefore Sin^ - ' - = Cos ^ Sum x Sin Rem. x Sec 
A 

Lat. X Cosec P. D. ; or, using Logs. : 

Log. H. A. = Log. Cos i Sum + Log. Cos Bem. + Log. Sec 

Lat. + Log Cosec P. D. 

This is the working formula given on p. 292, Vol. I. 
Inman's formula given on p. 293 is deduced in almost 
exactly the same way. 

Fig. 130 
A 





As before A corresponds to H. A. 
c corresponds to 90° — Dec. ] 
„ 90° - Lat. [ 
„ Z. D. ] 



b 
and a 
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This time take the formula 

Hav A = yTSa v (a — b + c) x V Hav (g + 6 — c) 
Sin 6 X Sine 

^^^ Si£"6 = Sin"(90°^:"La"t:) "" G^H:^. ^ ^"^ ^*** 

^"^ Sm^ "" Sin (90<>^D^.y "" C5^D^.= ^^'^ ^®''- 
(iii) a - 6 + c = Z. D. - (90^ - Lat.) + 90° - Dec. 

= Z. D. - 90° + Lat. + 90° - Dec. 

= Z. D. + Lat. - Dec. 
/. Hav (a -6 + c)= Hav (Z. D. + Lat. - Dec.) 

(iv) a + 6 - c = Z. D. + 90° - Lat. - (90° - Dec.) 

= Z. D. + 90° - Lat. - 90° + Dec. 

= Z. D. - (Lat. - Dec.) 

Therefore Hav H. A. = VHav{ Z. D. - (Lat. - Dec.) J 
X VHav{ Z. D. + Lat. — Dec. } x Sec Lat. x Sec Dec. 

Therefore Log. Hav H. A, = Log. Sec. Lat. + Log. 
Sec. Dec. + i Log. Hav{ Z. D. - (Lat. - Dec.) } + i Log. 
Hav{ Z. D. + (Lat. - Dec.) } 

The formula is proved for the case in which the Lat. 
and Dec. are of the same name. If they are of different 
names p x will be 90° + Dec, instead of 90° — Dec., and 
therefore wherever we have — Dec. in one case, we shall 
have + Dec. in the other ; so that when Lat. and Dec. 
are of different names the sum must be taken. 

II. Amplitude, — Draw a figure on the plane of the 
Horizon. As usual z is the Zenith, p is the Pole, and 
let X be a Heavenly Body rising or setting. 

First let us consider the case where the P. D. is less 
than 90°, the Amplitude will be North of East or West. 

Then w z x is the Amplitude, and therefore p z x = 
90° - Amp. 

VOL. II. T 
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The angle p z x is found from the triangle p z x, whose 
sides we know, viz : 
zx = 90% z p = 90^ - Lat, px = P.D. =« 90^ - Dec. 




Compare this triangle with the quadrantal triangle a b c 
in which A B (= c) is the quadrant. The formulas for the 
solution of quadrantal triangles are given in Vol. II. p. 34 ; 

Fig. 132 

c 




the formula we want is one which will enable us to find 
the angle A when we know the sides a, b. The fifth 
formula on p. 34 is 
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Cos a = Sin h x Cos a 

.'• Cos A = ^?^?' = Cos a X Cosec h 
Sin 6 

Instead of a we have 90** — Amp. 

and Cos (90° — Amp.) = Sin Amp. 

Instead of a we have 90° — Dec. 

and Cos (90° - Dec.) = Sin Dec. 

Instead of 6 we have 90° — Lat. 

and Cosec (90° - Lat.) = Sec Lat. 

Therefore Sin Amp. = Sin Dec. x Sec. Lat. 

or using Logs. : 

Log. Sin Amp. = Log. Sin Dec. + Log. Sec Lat. 

Next consider the case where the P. D. is greater 

than 90°, the Amplitude will then be South of East or 

West. Let Y be the position of the Heavenly Body. 

Fig. 133 




Then p y = 90° + Dec. and p z Y = 90° + Amp. As 
before, let us compare this triangle with the guadrantal 
triangle A B c, where c is the quadrant. 
Instead of A we have 90° -f Amp. 

and Cos (90° + Amp.) = — Sin Amp. 
Instead of a we have 90° + Dec. 

and Cos (90° + Dec.) = - Sin Dec. 

T 2 
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Instead of b we have 90° — Lat. 

and Cosec (90° - Lat.) = Sec Lat. 

Therefore — Sin Amp. = — Sin Dec. x Sec Lat. 

Since ^ occurs on both sides of the equation, this is 
the same formula as before, viz. : 

Sin Amp. = Sin Dec. x Sec Lat. 

III. Altitude Azimuth, — As explained on pp. 332-3, 
Vol. I., this is very like the Longitude by Chronometer 
problem. As before, draw a figure on the plane of the 
Horizon and the triangle a B c for comparison, a corre- 
sponds to the angle p z x or the Azimuth measured from the 

Fig. 184 

N 




North, but as, according to the rule on p. 330, the formula 
gives the Azimuth from the South (the fig. corresponding 
to N Lat.), s z X is the Azimuth and p z x is 180° — Az. 
c corresponds to the side p z, which is 90** — Lat. ; 6 to z x, 
which is 90** — Alt. ; and a to p x, which is the P. D. 
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Take the formula : 

^ 2 ^ _ Sin ^ (g + b + c) x Sin ^ (b + c — g) 
2 "" Sin 6 X Sin c 

^""^ S5-& = Sin (90°^- Lat.) = CSHM. = ^"^ ^^*- 
^ -^ ^ = Sec Alt. 



Sin c Sin (90° — Alt.) Cos Alt. 

AlBo b + e-a= 90° - Lat. + 90° - Alt. - P. D. 
= 180° - (Lat. + Alt. + P. D.) 
, b + c — a Qf\o Lat. + Alt. + P. D. 
2 ^" " 2 

and^+4±^ = *±4-n^ + a 

^QQ._ Lat. + A lt. + P.D.^pp 
A 

-. Sin *_+J|-::L« = Sin (90° - Lat. + Ah. + P. D.^ 
_ QQgAlt^ Lat. + P. D. 



and Sin 



2 
b + c + a 



2 
= Sin { 90° - (Lat. + AlWP^. _ p j^ )] 

T:i«^i.nA ^PZX >n, 180** — X Z S 

Further Cos ^ = Cos — ^ = Cos ^ 

= Cos (90° — i Az.) = Sin i Az. 
Making these substitutions in the Trig, formula, we 
find Sin^ ^- =Cos i Sum x Cos Rem. x Sec Lat. x Sec Alt. 

Az 
or using Logs, : Log. Sin - - 

= i {Log. Sec Lat. + Log. Sec Alt. + Log. Cos i Sum -f 
Log Cos Rem. } 
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IV. Beduction to the Meridian. — Draw a diagram on 
the plane of the Horizon like the previous ones in this 
chapter. In the triangle p z x : z x is the observed Z. D. 
= 90^ - Alt. ; PX is the P. D. of the Sun or Star; 
and X P z is the Hour Angle or Polar Angle. These three 
parts of the triangle are known, and we have to find p z. 




One way of finding this is indicated on p. 361, Vol. I. : 
to obtain the formula of the skeleton form on that page 
draw XM perpendicular to nps. Then both pmx and 
z M X are right-angled spherical triangles, and to find their 
unknown parts from the known ones it is only necessarj' 
to use Napier's rules of circular parts. These give 

Tan p M = Tan p x x Cos x p m| 
Sin M X = Sin p x x Sin x p M j 

From the first of these we find p m, or what is called 
Arc I. on p. 351, and from the second x m or Arc II. 
Knowing z x and x m we find z m by the formula 
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Cos z M = Cob z x x Sec z m ; this is called Arc III. on 
p. 351. The difference of Arc I. — Arc III. is p M — z M= 
p z = the Colatitude. 

This method is accurate and not difficult, but the ap- 
proximate method explained on p. 346 is shorter. It is 
clear that z x, the observed Z. D, is a little greater than 
the Mer. Z. D. The Mer. Z. D. is equal to p x — p z ; 
for Mer. Z. D, = P. D. — Colat. The amount the observed 
Z.D. is greater than the Mer. Z. D. is therefore zx — 
(p X — p z) = p z + z X — p X. It is evident that p z + 
z X — p X is a very small quantity when x is near the 
Meridian. 

To find the value of p z + z x — p x, let us take the 

2 Sin 6 X Sine 

Write z X for a, p z for c, and p x for 6, and h for a. 

' Sin^ fe _ Sin j^ (pz + z X — p X) x Sin ^ (p x + z x — p z), 
2 Sin p z X Sin p x 

.'. Sin* - X Sin p z x Sin p x 
= Sin i (p z + z X — p X) X Sin i (p X + z X — p z). 




X 

Dividing by Sin i (p x + z x — p z) and bringing the 
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quantity we wish to find to the left-hand side of the 

equation, we find 

Sin i(pz+zx — px= Sin* ^ — x Sin p x x Sin p x x 

Cosec i (p X + z X — p z). 

This formula is strictly accurate, but when x is near 
the Meridian the correction is small, and a rough value is 
good enough for the term Cosec ^(px + zx— pz). 

p X — p z is the Mer. Z. D., and z x, the observed Z. D., 
may be taken = Mer. Z. D., so that 
i (px + z x-p z) = i { Mer. Z. D. + Mer. Z. D.} =Mer. Z. D. 




The formula therefore becomes 

Sin (i Red.) = Sin^ * x Sin (90° - Lat.) 
jL 

X Sin (90° - Dec.) x Cosec Mer. Z. D. 

= HavH.A. X Cos Lat. x Cos Dec. x Cosec Mer. Z. D., 

and using Logs, we get 

Log. Sin (i Eed.) = Log. H. A. + Log. Cos Lat. + Log. 

Cos Dec. -f Log. Cosec Mer. Z. D. 

To find the second Eeduction, we have to allow for the 

very small error made by taking Mer. Z. D. instead of the 

exact expression px + zx — pzin the above formula. 

px + zx — pz = 2px — 2pz + zx — PX+ pz 

= 2 Mer. Z. D. + 1st Eed. 
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We have neglected the small first Eeduction in the 
above formnla, and the second Beduction allows for this 
neglect. It requires a little more knowledge of Trigono- 
metry than is assumed in this book to prove the formula 
for the second Beduction, and as the second Beduction is 
generally of slight importance, the proof is not given, 

V. The determination of Latitude by an Ex-Meridian 
of the Pole Star is another instance where the spherical 
triangle which has to be solved is of such a shape that an 
approximate solution is possible. Instead of solving the 
triangle p z x in the rigorous way, i.e., deducing z p from 




a knowledge of z x, p x and the angle m p x, it is easier to 
use the tables in the Nautical Almanac to correct the 
observed value z x, which, from the figure, is evidently 
not far from the mark. 

VI. Latitude by Double Altitudes. — The Geometry of 
this method of determining Latitude is given fully in 
Chapter XX. 
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Repeating the figure of p. 106, we have the known 
quantities z x, z Y, p x, P Y and x p Y, and the quantity re- 
quired is PZ. 

(1) Find XYby the formula (ii) of p. 269. 

Hav^ = HavxPY x Sinpx x SinPY 
and Vers x Y = Vers + Vers (p x ^ p y) 





(2) Find the Angle PXY by formula (i) of p. 269. 
Cos i P X Y 

SinPX+PY-f XY ^ g.^ /PX + PY + XY_p^\ 

Sin p X X Sin Y x 

(3) The Angle z x y is found by a similar formula, and 
the difference pxy — ZXY = PXZ. 

(4) Knowing p x, z x, and the angle P x z, we have by 
formula (ii) of p. 269 : 

Hav 6 = Hav p x z x Sin x z x Sin x p) 
and Vers p z = Vers + Vers (p z ^ x z) 
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VII. The Lwrnr Problem. — The problem of clearing 
the distance is explained on p. 142 of Vol II. The figure 
is repeated here. 

We have to find x M, the true distance, knowing z m, 
z X ; z Xp z Mj and m, x,. 

Referring to formula vi of p. 270 we find 

Vera X M - Vera (z h + z x) » — 2 GoB*i m z x . Sin z m . Sin z x ^ 
Also Vera x, SiJ - Vera (Zj Mi + z, x,) = - 2 Cos' (Mi z X| Sin z m, Sin z x, l* 




Dividing one by the other, 

Versx M — Vers (ZM -f z 20_ _ Sin zux Sin z x 
Vers Xi M, — Vers (z^ Mj -f z, x,) Sin z Mj x Sin z x. 
Now the right-hand side of this equation evidently 
does not differ much from 1 (= 2 Cos 60°), because the 
difference between z M and z M^ is small, and also the 
difference between z x and z x, is small. Consequently it 
can be conveniently tabulated ; Norie accordingly tabulates 
the angle A defined by the equation 

Sin z M X Sin z x 



2 Cos A = 



Sin z M, X Sin z x, 
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and when this is done the equation becomes 

Vers X M — Vers (z m + z x) ^ n a 

_ — 1- i—- = 2 Cos A. 

Vers Xi M, — Vers (z,Mi + z,x,) 

,'. Vers X M - Vers (z m + z x) = 2 CJos A j Vers x, Mj - Vers (z, m, + z, x,) } 
/. Vera X M - Vers (z m + z x) +2 Cos A {Vers x, m, - Vera (z, m, + z, x,) } 




With the aid of Trigonometry, the working formula 
of Lunars is deduced, namely — 

Vers Tr. Dist. «= Vera (Tr. Z. D. + Tr.2. D. D) + VerajApp. Alt. 
+ App. Alt. )) + A} + Vere[App. Alt. + App. Alt. }> -A} + Vere{App. 
Dist. + A} + Vers { App. Dist. - A.} 

This short sketch of the method by which the formulas 
are derived is only given to show that there is no mystery 
about them. It is simply a question of finding certain 
angles or sides of spherical triangles when others are 
known ; all the same quantities could be obtained graphi- 
cally, though not very accurately, by careful measures on 
a globe on which the triangles could be drawn. 
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LOGARITHMS 



Find the Logs, of the foUowlng Natural Numbers : 



Nnmber 

7 
9 
10 
79 
840 
904 
1734 
7706 
10089 
26076 
40009 
100111 
600066 
900009 
•6 
•66 
•0066 
10009 
10-7006 
1215-902 
1-00004 
-0104 
-00098 
900-1007 
7001-19 
1999-99 

1-00099 
864-306 
7000-7 
9-006002 
•0700008 
•0000101 
•1010101 



Log. 

0-845098 
0-954243 
1000000 
1^897627 
2-924279 
2-956168 
3-239049 
3-886829 
4-003849 
4-416241 
4-602157 
5-000482 
5-778199 
5-954247 
1, or 9-778151. 

1, or 9-819544 

3, or 7-819544 

2-000389 
1029408 
3-084898 
0000017 

2, or 8-017033 

4, or 6-991226 

2-954291 

3-845172 

3-301029 

0-000428 

2-931613 

3-845141 

0-954532 

2, or 8-845102 

6, or 5004321 

I, or 9-004364 



Number 

171 
17-001 
7-0109 
-019008 
10000-9 
749-006 
7004096 

-0001902 
9100-604 
60-40019 
12-3406 
20031-9 



X 

16 
101 

lib 

re 

8600 

■on 

■019 

ii-ow 

1 



1000000 

1-006x792-09 
842x9004 
84-02x90-004 
1000000x10 
1-00029 X -07 
76,832x0006 
n/ 89436 
n/-00789_ 
>/ 190064 
^227894 
5/1-000096 
^"990-008 _ 
^10,008,702 



Log. 

2-232996 
1-230475 
0-845774 

2, or 8-278936 
4-000039 
2-874485 
3-845362 

4, or 6-279210 
3-959070 
1-781038 
1-091336 
4-301722 

i, or 9-574031 

I, or 9-640978 

1, or 9-962928 

2, or 8-335793 
I, or 9-566344 

1, or 9-579270 
6, or 4-000000 

5-522879 
2-901373 
3-879747 
3-878645 
7-000000 

2, or 8-845223 

1-663693 
2-475756 
2, or 8-948538 
-639450 
1-785911 
0000014 
0-998546 
1-750094 
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Find the Natural Numbers of the following Logs. 



Log. 


Number 


Log. 


Number 


0-477121 


3 


' 3, or 7-778151 


•006 


0-954243 


9 


, 2, or 8-008174 


•01019 


3-602060 


4000 


0-954730 


9^0101 


2-361728 


230 


2-037470 


109011 


3-806180 


6400 


1 3041822 


110109 


3-758003 


5728 


' 2, or 8-845148 


-070008 


1-903465 


80-069 


6, or 5-958564 


•0000909 


3-887058 


7710-07 


3-845104 


7000099 


5-843919 


698102 


2-545205 


360918 


2, or 8-301030 


-02 


I, or 9-522878 


•i nearly 



Multiplication by Logs. 

1. Multiply 128 by 17 by common Logs. 

Answer. 2176. 

2. Multiply 7280 by 2-89 by common Logs. 

Answer. 21039-2. 

3. Multiply 70086 by 100 by common Logs. 

Answer. 70086. 

4. Multiply 9000-2 by -087 by common Logs. 

Answer. 783017. 

6. Multiply -00062 by 27000 by common Logs. 

Afiswer. 16*74. 

6. Multiply 00109 by 201001 by common Logs. 

Answer. 219-09. 

7. Multiply 84-002 by 2-00708 by common Logs. 

Answer. 168-698. 

8. Multiply -9809 by -072 by common Logs. 

Answer. -070625. 

9. Multiply 8-0009 by -0061 by common Logs. 

Anstver. -0488054. 
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10. Multiply f by 18*2 by common Logs. 

Answer, 11-376. 

11. Multiply :/o by 17859 by common Logs. 

ATiswer, 3125'32. 

12. Multiply U by 10909 by common Logs 

Answer, -82908. 



Division by Logs. 

1. Divide 651714 by 826 by common Logs. 

Answer. 789. 

2. Divide 79660545 by 7*895 by common Logs. 

Answer. 1009. 

3. Divide 70*4028 by 9026 by common Logs. 

Answer. 7*8. 

4. Divide 6*5254 by 82*6 by common Logs. 

Answer. -079. 

5. Divide 0344692 by 00629 by common Logs. 

Answer. 5'48. 

6. Divide -030168 by 41*9 by common Logs. 

Answer. -00072. 

7. Divide | by J by common Logs. 

Answer. 1*876. 

8. Divide IJ by fj by common Logs. 

Answer. -99264. 

9. Divide 4480 by ^§ by common Logs. 

Answer. •4716*8. 

10. Divide Jli by 0062 by common Logs. 

Answer. 84-7458. 

11. Divide 1 by 000825. 

Answer. 121212. 
VOL. II. U 
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Middle Latitude Sailing 



1. Beqnired the Course and Distance from A to B by Middle 
Latitude Sailing. 



^ fLat. 50^3(yN 



^ (Lat. 38°18'N 
^ I Long. 33° 26' W 



iLong. 17^ 18' W ^ ILong. 33° 26' W 

Answer. Mid. Lat. 44° 24', Diff. Lat. 732, Dep. 691*6, DiflF. 
Long. 968. Course S 43° 22' 30" W, Dist. 1007. 



2. Required the Course and Distance from A to B by Middle 
Latitude Sailing. 

A J Lat. 18° 49' S -r ( Lat. 31° 26' S 

ILong. 11° 20' E ^ ILong. 4° 44' W 

Answer. Mid. Lat. 25° 7^, Diflf. Lat. 767, DiflF. Long. 964, 
Dep. 872-8. Course S 49° 3' 50" W, Dist. 1155-5. 



3. Required the Course and Distance from A to B by Middle 

Latitude Sailing. 

. j Lat. 10° 27' N j. ( Lat. 49° 26' N 

^ ILong. 173° 18' W ^ (Long. 173° 18' E 

Answer. Mid. Lat. 29° 56^', Difif. Lat. 2339, Diflf. Long. 804, 
Dep. 696-7. Course N 16° 35' 12" W, Dist. 2440-5. 



4. Required the Course and Distance from A to B by Middle 
Latitude Sailing. 

. jLat. 21°28'N -r (Lat. IP 4' S 

*^ (Long. 168° 12' W ^ (Long. 151° 28' W 

Answer. Mid. Lat. 5° 12', DiflF. Lat. 1952, DiflF. Long. 1004, 
Dep. 999-9. Course S 27° 7' 22"B, Dist. 2193-2. 
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Day's 


Work 












No 


1 


H 


Coam 


K 

3 
4 

4 


8 
6 
2 


Wind 


Lee- 
way 


Dev. Remarks 


1 

2 

3 


NiE 


WNW 


10° E P.1I.— At Noon a point of land in 
Lftt. 48° SO' 8, Long. 1° IC W, 
bore by Compom 8 b B, distant 
10 miles, Dcv.lO«B 


4 




3 


4 








5 


NNE 


3 


6 


Nw ; f 


8°E I 


6 




4 


— 


1 


! 


1 ^ 




4 


5 




Variation IS** E 


1 8 




3 


9 






9 


Ef S 


4 


2 


SbE U 


2°W 


10 




4 


5 








11 




4 


8 








12 




5 


5 






Midnight 


1 


SEbE 


6 


— 


SbW 


1 


7°W 


A.H. 


2 




6 


5 










3 




6 


5 


1 






4 




7 


— 


1 




5 
6 


EbS 


6 
6 


8 

6 


NEbN 


i 


2°W 


A current set the ship daring 
the day Correct Magnetic 
WbNaimUes 


7 




6 


2 










8 




5 


5 










9 


NEbE 


5 


— 


NbB ; i 


5°E 




10 




4 


8 










11 




4 


4 










12 

1 


it 


3 


8 


fl 


.._"__ 


99 


Noon 



Dep. Course N 11° E 100 ; Ist Course, N 33° E 160 ; 2nd, N 61° E 160 
drd, S 85^° E 190 ; 4th, S 62° E 260 ; 5th, S 66° E 25-0 ; 6th N 78^° E 180 
Current N 67° W 280 ; Diflf. Lat. 23-8 N ; Dep. 79*7 E ; Diflf. Long. 119 E 
Lat. in 47° 56' 12" S ; Long, in 0° 49' E ; Course and Dist. made good 
N 74° E 83 miles. 



Digitized by 



Google 



292 



EXERCISES 



Day's Work 

No. 2 



H 


Ooaxw 


K 


i^ 


Wind 


w»y 


Dev. 1 Bemarks 

1 


1 8WiS 


6 


2 


BSE 


u 


ino Txr ' Noon.— The podtlon of the ship 
12° W w«in88oa3'N,179'»J8'W 


'J 


6 


4 










3! 


6 


4 










4 


7 


— 










6 


saw 


7 


5 


West 


} 


8°W 




6 




7 


5 










7 




8 


— 








Variation 7" W 


8 




8 












9 


ESE 


7 


8 


South 


i 


9*>E 




10 




7 


5 










11 




7 


2 










12 




7 


5 








Midnight 


1 


SbE^E 


6 


8 


SW 


i 


nil 




2 




6 


— 










3 




5 


5 










4 




4 


7 










5 
6 
7 


South 


4 
5 
5 


8 
5 


ESE 


14 


6*>W 


A cuirent aefc the ship daring 
the last 8 hoars Oorrect Mag^ 
netic WSW at the rate of 8 
knots an hoar 


8 




5 


7 










9 


SbWfW 


6 


— 


West 


1 


8<»W 




10 


6 


5 










11 




7 


— 










12 


II 


7 


6 


II 


»» 


11 


Noon 



iBt Course S 87*> W 260 ; 2nd, S 1° E 81-0 ; 3rd, S 71*» E 300 ; 4th,. 
S 27° E 28-0 ; 6th, S 4° W 210 ; 6th, S 6° E 27-0 ; Current S 60i° W 24-0 ; 
Diff. Lat 141-7 S ; Depart. 47 E ; Diff. Long. 5-9 E ; Lat. in 86° 6' 18" N ; 
Long, in 179° 22' 6" W ; Course and Dist. made good S 2° E 142 miles. 
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Day's 


Work 












No. 


8 


H 


Ck>iiZ8e 


K 


A 


Wind 


Lee. 
way 


Dev. 


Bemarks 


1 
2 
3 


WbNJN 


7 

7 
8 


5 
5 


North 


i 


14° W 


Noon.— A point of land in Lat. 
«<»2(K8,Long.l<'48'B,bore 
by Oompam N |W, distant 16 
miles. Dev. as on Ist oourse 


4 




8 


— 










5 


NWJW 


7 


8 


NNE 


1 


9°W' i 


6 




7 


5 










7 




7 


6 










8 




7 


2 










9 


NJE 


7 




WNW 


i 


nil 


Variation 19° E 


10 




6 


6 










11 




6 


5 










12 




6 


— 








Midnight 


1 


WbS 


6 


5 


South 


i 


e^w A^ 1 


2 




6 


5 






1 


8 




7 


— 










4 




7 


— 


• 








5 


SW 


7 


2 


WNW 


i 


2«E 




6 




7 


5 








7 

8 




7 
8 


8 
6 






A. ourrent set the ship daring 
1 the 24 honn, 39 mUee, Correct 
1 Magnetio NW b W 


9 


88W 


8 


— 


SE 


14 


9°E , 


10 




7 


5 


I 


1 


11 




7 


— 










12 


It 


6 


5 


»t 


»» 


»f 


Noon 



Dep. Course S i« E 16-0; Ist Course N 73i° W 81-0; 2nd, 
N 49° W 80-0' ; 8rd, N 88° E 26-0' ; 4th, N 80J° W 27-0 ; 5th, S 68° W 81-0 ; 
6th, S 67J° W 29-0 ; Current N 87° W 29*0 ; Diff. Lat. 877 N ; Dep. 
136-8 W ; Difl. Long. 2077 W ; Lat. in 48° 42' 18'' S ; Long. in 1° 39' 42" W ; 
Course and Dist. made good N 75° W 141 miles. 
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EXERCISES 



Day's Work 

No. 4 



H 


Course 


K 

4 
4 


A 


Wind 


Lee- 
way 


Der. 


Remarks 


1 
2 


SEbS 


6 
6 


SWbS 


1 


6°W 


Noon.— The ship's position was 
In Lat. 86« 16' N, Long. 
178<»4yE 


3 




4 


8 










4 




5 


— 










5 


SEiE 


5 


5 


ENE 


li 


7°W 


6 




5 


5 






i 


7 




5 


5 






Variation 2PW 


8 




6 


5 






1 


9 


East 


7 


— 


SSE 


J 


16«>W 


10 


7 


— 










11 




7 


5 










12 




7 


6 






Midnight 


1 


SW 


8 


— 


WNW 


i 


6«E 


2 




7 


5 










3 




7 


— 










4 




6 


5 








1 


5 


SiW 


6 


— 


ESE 


1 


nil 




6 




6 - 










7 
8 
9 


ESE 


4 — 
3 — 


NE 


n 


12«>W 


A current set the ship during 
the last IS hours NB Goxreot , 
Magnetio at the rate of S-ft | 
]cnotB per hour 


10 1 


i|^ 






i 1 

1 : 


11 




1 


5 










12 


«» 


1 


— 


»» 


»i 


t» 


Noon 



Ist Course S 71*» E 190 ; 2nd, S 64J° E 280 ; 3rd. N 45i° E 29-0 ; 4th, 
S 24J«» W 290 ; 6th, S 7" E 18-0 ; 6th, S 72J<» E 60 ; Current N 24° E 30-0 ; 
Diil. Lat. 14-6 S ; Dep. 67-6 E ; Diflf. Long 745; Lat. in 25° 1' 24" N ; 
Long, in 179° 66' 30" W ; Course and Dist. made good S 78° E 69 mUes. 
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Day's 


Work 










No. 6 


H 


Oonne 


K 


^ 


wind 


Lee- 
way 


1 

Dev. 


Remarks 


1 NWJN 

2 

8, 


7 2 

71 2 
7 2 


NNE 


i 


13° W Noon.--A. point of land in IaL 
540 Sr 8, Long. W ' 17' W, bore 
by Oompan 8W 1 8, distant IS 
miles. Dev as on Ist coarse 


4 


7 


4 








SNbWJW 


7 


6 


WbN 


i 


12" W 


6 


7 


5 






' 


7 


8 


— 






Variation S* B. 


8 


81- 








9 WbS}S 


8 5 


Soath 


) 


3°W 


10 


9 — 








11 


9, 6 








12 


10 - 






Midnight 


1 NbE^E 


10 - 


East 


J 


S^W 


2 


10 5 








8 


10' 5 








4 


1^- 








5 North 


11 i — 


WNW 


i 


9°W 


6 


11 — 








7 
8 


11 — 
11 — 






A onrrent set the ship during 
the last S4 hours Correct Mag- 
oetio BSE 48 miles 


9 WNW 


11 — 


SW 


i 


11° W 


10 


10 6 








1^^ 


1 
10 5 








^ . :_ 


11 


— 


It 





ti Noon 



Dep. Course N 31i° E 120 ; Ist, N 65J° W 290 ; 2nd, N 18° W 310 ; 8rd, 
S 78° W 37-0 ; 4th, N 5^° E 42-0 ; 6th, N 1J° E 44-0 ; 6th, N 70J° W 43-0 ; 
Current, S 62J° E 48-0; Diff. Lat. 126-6' N; Dep. 5M W; Diff. 
Long. 94' ; Lat. in 62° 14' 30" S ; Long, in 92° 61' 0" W ; Course and 
Dist. made good N 24° W 138 miles. 
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EXERCISES 











Day's Work 








No. 6 


H 


Courae j K ^^ 1 


Wind 




Der. 1 Remarks 


1 SbEJEl 3 8 

1 1 

2 3 6 


East 


'^*l 


6°E 


Noon.— Tlie position of th« ahip 
was determined to be Laf. 
39^ 26' N, Longitude 1*5" 21' K 


1 3 ,36 






1 4 ' 4 - 




1 

1 1 


6 EbSJSi 4 1 — 


South 


li 1 1° w 


6 ,4i- 






7 4|^ 




1 Variation 26° E 


8 4 — 




1 


9 NEfE 4,5 


NNW 


} 7°W 


10 ' 6 — 




1 


11 1 5 1 6 




1 


12 6 — 




Midnight 


1 EbNJN 6 1 — 


SE 


i 


6°W 1 


2, el- 






1 


3 6|- 






' 


4 6 


— 




1 


5 SEbEJE 


5 


6 


ENE 


i nU 




6 


5 


2 




1 
1 




7 
8l 
1 9 South 


6 

4 
4 


4 
9 
6 


ESE 


i 


8°E 


Magnetic W bNi N at the rate 
of 1-6 miles per hour during 
the day, 24 hours 


10 


4I5 




1 






1 11 1 4 ' 5 










I" 


1 »» 


4 


5 


II 


1 »» 




Noon 



Ist Course S 34° W 160 ; 2nd, S 68° E 16*0 ; 3rd, N 81° E 21-0 ; 4th, 
S 88J° E 24-0 ; 5th, S 33° E 21 ; 6th, S 37° W 180 ; Current N 47° W 36-0 ; 
Diff. Lat. 23-1 S ; Dep. 254 E ; Diff. Long. 327 E ; Lat. in 89° 2' 54" N ; 
Long, in 145° 53' 42" E ; Course and Dist. made good S 48° E 34 miles. 
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Day's Work 

No. 7 



10 

11 

1 12 

• 1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 



Ck>DrM 



EbS 



19 
19 
19 



Wind 



Lee- 
way 



20 
21 
21 
21 
20 
19 
19 
19 
EbS^S 19 
19 



,20 

20 

120 



East nil 



Dev. 



RemarlcA 



14° E Noon.— A point of land in Lat. 
44« 18' N and Long. 76° ly W 
I bore by Comi>as8 WNW, di»- 
' tant 14 miles, Dcv. 14« E 



Variation from Noon to 8 p.ic. 
70 w 



13° E 



'20 5 








20 6 






20 - 


1 




20 — , 




1 


19,6' 




1 


20- 


»» 


»» 


11 



Mldniglit 



Variation from 8 p.m. till 4 a.m. 
8<»W 



Variation from 4 a.m. till Noon 
90 W 



A current Fct the ship eince 
4 A.M. Correct Magnetic NE 
S4 miles 



Noon 



Dep. Coarse S 60J° E 14-0; Ist S 71}° E 1620; 2nd 8 72f° E 780 
3rd S 68J° E 78-6 ; 4th S 69J° E 160-6 ; Current N 36° E 240 ; Diflf. Lat. 
149-6 S ; Dep. 479-8 E ; Diflf. Long. 665-9 E. Lat. in 41° 48' 30" N ; Long. 
in 64° 28' 6'' W ; Coarse and Dist. made good S 78° E 608 miles. 
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EXERCISES 



Day's Work 

No. 8 



Coarso 



1 1 S 40° 



Wind 



Lee- 
way 



2 


17 


5 




3 


17 6 




4 


17 - 




5 


17 6 




6 


18 — 




7 


18 — 




8 


18 1- 




9' 


17 


5 




10 


18 


— 




11; 


18 — 




12 


18 - 


i» 


1 S39°W 


17 5' 


II 


2 


17 5 




3 


17 6 




4 


37 5 




5 


17 5 




6 


18 — 




7 


|18 - 




8 


18 5 




9 


18 — 




10 


18 — 




11 


18 — 




12 


18 — 


tf 



Dov. 



Bemarks 



6° E ^oon —Position of the ship 
was determined to be 
Lat. 10« 16' S, Long. 8l<> IV W 



Variation till 10 PJI. ll^* W 



Midnight 



e^'E 



Variation from 10 P.M till Noon 
10* W 



A current set the ship during 
the last 34 hours W b N Cor- 
rect Magnetic 38 miles 



Noon 



Ist Course S 36° W 1760; 2nd, S 36° W 360; 3rd, S 36° W 214-0; 
1st Current Coarse, West 13*7 ; 2nd Current Course, N 89° W 19*3. Diff. 
Lat. 348-3 S ; Dep. 277*8 W ; Diff. Long. 285-3 W ; Lat. in 16° 4' 18" S; 
Long, in 35° 55' 18" W ; Course and Dist. made good S 39° W 446 miles. 
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Day's Work 




No. 9 




H i Goune 


K T>« 


Wind 


Lee- 
way 


Dey. 


Bemarks 


1 
1 N48« W lu - Light and 


Nil 


7°W 


Noon.— A point in lAt M^ 19' S, 
Long. llfi» 6' B, bore by 
Compass N 140 E, distent 18 
milei. Der. y^'W 


2 
3 


14 5 variable 
14 5 




4 


15 — 1 




5 
6 


16 - ' 


Variation from Noon to Mid- 
night 6° W 


7 


15;- ■ 1 




8 ' 15 — 1 






9 N 47° W 16 - 1 


7°W 




10 


15 - 1 






11 


U 5 






1 


12 


14 


5 


i» 




Midnight 


1 


"i" 








2 


14'- 








3 

4i 


14 6 1 
14 5 






Variation from Midnight to 
Noon 7° W 


6 N46°W 


15-, 


6°W 


1 


6 


15 


— 








7 


16 


— 








8 


16 - 








9 
10 


16 - 
16 - 






A current set the ship daring 
the last 24 hours NW (true) 
40 miles 


111 


15,-1 








12 1 ., 


16 


i» 


»» 


11 


Noon 



Dep. Course S 1° W 180; let N 61° W 1180; 2nd N 60° W 590; 
8rd N 61° W 570; 4th N 69° W 1200; Current N 46° W 400; Diff. 
Lat. 186-4 N ; Dep. 335-7 W; Diflf. Long. 399-2 W ; Lat. in 31° 12' 36" S 
Long, in 108° 26' 48" E ; Course and Dist. made good N 61° W 884 miles. 



Digitized by 



Google 



300 



EXERCISES 



Day's Work 

No. 10 



H 


Course 


K 


A 


Wind 


Lee- 
way 


Dev. 


1 

BenmrkR 


1 
2 
3 


N 80° E 


12 5 
12 1 5 
12 6 


SE 


Nil 


2°E 


Noon.— A point in Lftt 66° 69' 8, 
Long. e7« 16' W, bore Hy i 
Oompass N lO^ W, distant 8 1 
mUea. DeT.S»B 


4 




12 6 










5 
6 


NIO^E 


13 — 
18 — 






7°W 


Variation from Noon tlU Mid- 
night 170 B 


7 


13 — 










8| 


13 — 










9] 


13 — 










10 ! 


13 - 










11 




13 — 










12 


»» 


13 — 


i> 


i» 




Ifldnight 


1 


! N9°E 


13 — 






8<>W 




2' 


12 5 










3 


12 5 










4 


13 — 










6 
6 


13 - 
13,- 








Variation from Midnight tUl 
Noon 16» B 


7 


13|- 










8i 


13 


— 










9 


13 


— 










10 
11 


IS- 
IS— 

1 








A onrrent set the ship the last 
4 hours saw (Correct Mag- 
netic) 10 miles 


12 


13 


— 


»f 


" 


It 


Noon 



Dep. Course S 9° W 80; Ist S 81*^ E 60-0; 2nd N 20° E 104-0; 8rd 
« 16° E 1650 ; Current S 37i° W 10-0; Di£f. Lat. 223*1 N ; Dep. 120-8 E ; 
Difif. Long. 205-2 E ; Lat. in 62° 15' 64" S; Long, in 63° 60' 48" W ; 
Course and Dist. made good N 28° E 264 miles. 
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Day's Work 



No. 11 



Ooorse 



^ ;a 



wind 



Lee- 
way 



DeT. 



BemarkB 



1' 


N80«W 


21 


6 NW 


2 




21 


5 


3 




21 


6 


4 




21 


5 


6 




21 


5 I 


6, 


II 


20 


S 


7 


N85°W 


20 


5 

1 


8 




20 


6 1 


9 




20 


5 


10 




20 


5 


11 




21 


— j 


12 




21 


II 


1 


West 


21 


1 


2 




21 


— 


3 




21 


— 


4 




21 


— 


5 




21 


5 


6 




21 


5 


7, 


S85°W 


22 


— 


8 




22 


— 


9 




21 


5 1 


10 




21 


5 


11 




,22 


— 


12 


II 


22 


II 



Nil 5° E 



3°E 



Nooa.— The position of tbfi sbip 
was iu Lat. 46<> 20^ N« ' 
Long. 135» 18' W 



Variatiou from Noon to Mid- 
night 19» E 



40 E ! 



Midnight 



YariAtlon from Midnight to 
Noon I80 E 



2i°E 



I A current set the ship NNB ' 

I (Oorreot Magnetic) at the rate 1 

of 1*6 knots per hour for the 
I last S4 hours 



II II 



Noon 



iBt Course, N 56° W 1280; 2nd N 62° W 1240; 3rd N 69° W 1270; 
4th, N 74^° W 131*0 ; Ist Current Course, N 41^° E 18-0 ; 2nd Current 
Course, N 40}° E 180 ; Diff. Lat. 237*5 N ; Dep. 436-8 W ; Diff. Long. 656-8 W ; 
Lat. in 50<> 17' 30'' N ; Long, in 146° 14' 48" W; Course and Dist. made 
good N 61° W 498 miles. 
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Day's Work 






No. 12 




H Ooune 

1 


'^''^\ Wind ^^ 


D6T. 


Remarks 


1 S49*'E 
2 


18 5 1 South , NU 
18 6 ' 1 


l^W 


Noon.— The poriUon of the ship 
hiMl been determined to be 
lAt. «» SI' N, Long. 60° W W 


31 


18 5 ! 






4 


18 5 








5| 
6' 


19 — 
19 — 


1 


Variation from Noon to Mid- 
night S0° W 


7 S48«>E 


19 — 


i«>w 




» 


19 - 






9 


19!^ 






10 


19 — 






1 
111 


19 


— 










12' 


'19 


— 








Midnight i 


1 S47°E 


19-; „ 


ti 


Nil 


1 


2 


I19 — t 








4! 


,19 -j 
19 -! 






Variation from Midnight to 
Noon 180 W 


6, 


19 -■ 




• 


6 


19 -' 

1 




7 S 46« E 


18 5 1 J*> E 




8 




18 5 






9 
10 
11 




'19 - 

,19 — 

19 5 








A current sot the ship in the 
lost 6 hours SSW (Correct 
MagneUo) at the rate of 2 
mUes per hour 


12 




;19|6; „ 


»» 


)t 


Noon 



iBt Course, S 70° E 1120; 2nd, S 68J° E 1140; 3rd, S 66° E 1140 
4th S 62 J° E 1140 ; Current S 4^° W 120 ; Diff. Lat. 2030 8 ; Dep. 4061 E 
Diff. Long. 636-3 E. Lat. in 38° 58' 0" N ; Long, in 51° 14' 42" W 
Course and Dist. made good S 63° E 455 miles. 
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Latitude by Meridian Altitude of Sun 

1. 1898, January 11th, in Longitude 47" W, the Obs. Mer. 
Alt. of Q was 39° 14' 20", bearing South, I. E -1' 10", Height 
of Eye 16 feet. Required the Latitude. 

Armuer, A. T. G. 11th 3»» 8"* 0»; Dec. 21° 44' 128" S ; 
Tr. Alt. 39° 24' 30". Latitude 28° 51' 17" N. 

2. 1898, March 19fch, in Longitude 175° E, the Obs. Mer. 
Alt. Q was 49° 18' 40", bearing North, I. E. + 2' 20", Height 
of Eye 22 feet. Required the Latitude. 

Answer. A. T. G. 18th 12^ 20°^ 0- ; © Dec. 0° 37' 136" S ; 
Tr. Alt. 49° 31' 46". Latitude 41° 5' 28" S. 

3. 1898, May 31st, in Longitude 100° W, the Obs. Mer. 
Alt. Q was 66° 48' 10", bearing North, I. E. -0' 50", Height of 
Eye 28 feet. Required the Latitude. 

Answer, A. T. G. 3l8t 6'' 40°* 0« ; Dec. 22° 0' 77" N ; 
Tr. Alt. 66° 57' 36". Latitude 1° 2' 16" S. 

4. 1898, July 2l8t, in Longitude 11° 18' W, the Obs. Mer. 
Alt. was 54° 23' 40", bearing South, I. E. +4' 10", Height of 
Eye 14 feet. Required the Latitude. 

Answer, A. T. G. 21st O** 45°* 12» ; Dec. 20° 25' 39*6" N ; 
Tr. Alt. 54° 39' 21" S. Latitude 55° 46' 19" N. 

5. 1898, September 20th, in Longitude 165° W, the Obs. 
Mer. Alt. Q was 71° 35' 30" ,bearing North, I. E. -2° 35', Height 
of Eye 19 feet. Required the Latitude. 

Answer. A. T. G. 20th 11>> 0°» 0- ; Dec. 0° 48' 238" N ; 
Tr. Alt. 71° 44' 22". Latitude 17° 27' 14" S. 

6. 1898, November 4th, in Longitude 91° E, the Obs. Mer. 
Alt. was 75° 42' 10", bearing South, I. E. -1' 40", Height of 
Eye 25 feet. Required the Latitude. 

Answer, A. T. G. 3rd 17'' 56°» 0» ; Dec. 15^ 23' 565" S ; 
Tr. Alt. 75° 51' 34". Latitude V 15' 31" S. 
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Parallel Sailing 

1. Bequired the Course and Distance from A to B by 
Parallel Sailing. 

. jLat. 51^ 26' N ^i (Lat. 61*^ 26' N 

^ JLong. 17^ C W ^ {Long. SI"" 18' W 

Answer, West 759-33 miles. 

2. Bequired the Course and Distance from A to B by Parallel 
Sailing. 

. J Lat. 42° 41' N j. (Lat. 42<> 41' N 

^ (Long. 178° 22' W ^ (Long. 165° 14' E 

Answer. West 724*35 miles. 

3. Bequired the Course and Distance from A to B by 
Parallel Sailing. 

. (Lat. 50° 8' N ^ (50° 8' N 

^ ILong. 1° 30' E ^ 14° 26' W 

Answer. West 228*197 miles. 



4. Bequired the Course and Distance from A to B by 
Parallel Sailing. 

. (Lat. 61° 18' S X. fLat. 61° 18' S 

^ I Long. 174° 12' W ^ (Long. 139° 16' W 

Answer. East 1007*03 miles. 

5. Bequired the Course and Distance from A to B by 
Parallel Sailing. 

. (Lat. 27° 26' S ^t i^at. 27° 26' S 

^ I Long. 47° 18' E ^ JLong. 63° 19' E 

Answer. East 852*93 miles. 

6. Bequired the Course and Distance from A to B by 
Parallel Sailing. 

. jLat. 15° 22' N ^ (Lat. 16° 22' N 

^ ILong. 126° 62' W ^ JLong. 154° 18' W 

Answer. West 1587*16 miles 

7. A ship in Lat. 71° 18' N, Long. 156° 27' E, sails East 
(true) 944*5 miles. What is her position ? 

Answer, Lat. 71° 18' N, Long. 155° 27' 6" W. 

8. A ship in Lat. 81° 12' S, Long. 2° 16' W, saUs West (true) 
1495*9 miles. What is her position ? 

Answer. Lat. 81° 12' S, Long. 165° 14' W. 
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9. A ship in Lat. 29° 26' N, Long. 164° 2(y E, sails East 
(true) 860*48 miles. What is her position ? 

Answer. Lat. 29" 26' N, Long. 179° 12' W. 

10. A ship in Lat. 5° 27' N, Long. 47° 29' W, sails East 
(true) 460-9 miles. What is her position ? 

Anstoer, Lat. 5° 27' N, Long. 39° 46' W. 

11. A ship in Lat. 55° 26' S, Long. 11° 27' E, sails West 
(true) 723-39 miles. What is her position ? 

Atmver. Lat. 55° 26^ S, Long. 9° 48' W. 

12. A ship in Lat. 88° 31' N, Long. 91° 26' W, sails West 
(true) 2714*2 miles. What is her position ? 

Amtver. Lat. 88° 31' N, Long. 93° 49' E. ^^ - ^^-^^ 

Mepcator*s Sailing 

1. Find the Course and Distance from A to B by Meroator's 
Sailing. 

. (Lat. 61° 26' N x. (Lat. 5° 18' S 

^ JLong. 11° 12' W ^ ILong. 25° 20' W 

Answer, Difif. Lat. 3404, Mer. Difif. Lat. 3928, Difif. Long. 848. 
Course S 12° lO' 57" W, Dist. 3482*43 miles. 

2. Find the Course and Distance from A to B by Mercator's 
Sailing. 

. jLat. 40° 18' S ^ (Lat. 31° 27' S 

^ JLong. 154° 12' E ^ I Long. 115° 40' E 

Answer. Ditf. Lat. 531, Mer. Difif. Lat. 656, Difif. Long. 2312. 
Course N 74° 9' 34" W, Dist. 1945*33 miles. 

3. Find the Course and Distance from A to B by Mercator's 
Sailing. 

. jLat. 27° 24' N ^ (Lat. 48° 19^ N 

^ I Long. 156° 26' W ^ JLong. 171° 22' E 

Answer. Difif. Lat. 1255, Mer. Difif. Lat. 1609, Difif. Long. 1932. 
Course N 50° 12' 43" W, Dist. 1961 miles. 

4. Find the Course and Distance from A to B by Mercator's 
Sailing. 

. (Lat. 53° 14' S x. (Lat. 50° 12' S 

^ iLong. 14° 28' E ^ JLong. 5° 39' W 

Answer. Difif. Lat. 182, Mer. Difif. Lat. 294, Difif. Long. 1207. 
Course N 76° 18' 38" W, Dist. 76904 miles. 
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5. Find the Course and Distance from A to 6 by Meroator's 
Sailing. 

. ( Lat. 25° 27' N j. \ Lat. 25° 27' S 

^ ILong. 148° 18' E ^ (Long. 141° 28' E 

Answer. Difif. Lat. 3054, Mer. Diff. Lat. 3160, Difif. Long. 410. 
Course S 7° 23' 34" W, Dist. 30796 miles. 

6. Find the Course and Distance from A to B by Mercator's 
Sailing. 

A (Lat. 15^ 19' N -D (Lat. 33° 29' S 

^ ILong. 7° 49' W ^ iLong. 1° 14' E 

Answer. Difif. Lat. 2928, Mer. Diff. Lat. 3064, Diff. Long. 643. 
Course S 10° 2' 59" E, Dist. 2973*6 miles. 

7. Find the Course and Distance from A to B by Meroator's 
Sailing. 

. (Lat. 26° 16' N -^ (Lat. 18° 51' S 

^ ILong. 121° 14' E ^ JLong. 179° 64' W 

Answer. Diff. Lat. 2706, Mer. Diff. Lat. 2785, Diff. Long. 3532. 
Course S 51° 44' 39" E, Dist. 4370*3 miles. 

8. Find the Course and Distance from A to B by Meroator's 
Sailing. 

. (Lat. 61° 20' N ^t J Lat. 54° 28' N 

^ (Long. 1° 24' E ^ (Long. 41° 19' W 

Answer. Diff. Lat. 412, Mer. Diff. Lat. 778, Diff. Long. 2563. 
Course S 73° 6' 52" W, Dist. 1418*4 miles. 



To find Time of High Water 

1. 1898, February 18th.— Find the Time of High Water at 
Portsmouth, a.m. and p.m. 

Answer. 9^ 32»» a.m., lO*" 4°» p.m. 

2. 1898, April 22nd.— Find the Time of High Water at 
Portland Breakwater, a.m. and p.m. 

Answer. T' 36"* a.m., 7^^ 54»" p.m. 

3. 1898, June 15th.— Find the Time of High Water at Oban, 
a.m. and p.m. 

Answer. 1*» 43°» a.m., 2'* 14™ p.m. 

4. 1898, August 26th.— Find the Time of High Water at 
Calais, a.m. and p.m. 

Answer. 5^^ 28"* a.m. 6** 5™ p.m. 
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5. 1898, October 7th.— Find the Time of High Water at 
Akaroa Harbour, New Zealand, a.m. and p.m. 

Amwer. Constant on Brest —0** 23™, Corr. for Long. —25". 
7** 13»« A.M., 7'* 45™ P.M. 

6. 1898, December 14th.— Find the Time of High Water at 
Cerros Island, California, a.m. and p.m. 

Answer. Constant on Brest -f5*» 23™, Corr. for Long, -h 19|™. 
9»» 35i™ A.M., IQh Oi™ P.M. 



Correction for Soundings 

1. On January 17th, 1898, at 2.30 a.m., being off Falmouth, 
took a cast of the lead. Eequired the correction to be applied 
to the soimding before comparing it with the chart. 

Answer. Falmouth H. W. 16th 10»» 30™ p.m., Height 13** 4*", 
H. M. S. K. 8^ 0*". CoiTection to subtract from sounding 

5ft 4in. 

2. On May 26th, 1898, at 10.45 p.m., being off Weston-super- 
Mare, took a cast of the lead. Eequired the correction to be 
applied to the sounding before comparing it with the chart. 

Answer. Weston H. W. 26th 10»* 22™ p.m.. Height 
29^^ 10*", H. M. S. R. 18*^ 6*». Correction to subtract from 
sounding 29** ff". 

3. On July 4th, 1898, being off Ballycastle Bay, at 1.30 a.m., 
took a cast of the lead. Required the correction to be apphed 
to the sounding before comparing it with the chart. 

Answer. Ballycastle H. W. 6'^ 24™ a.m.. Height 3^ 3«", 
H. M. S. R. 1** 6*". Correction to subtract from sounding 1^*". 

4. On October 21st, 1898, at 4.20 a.m., being off Haute Isle, 
Bay of Fundy, took a cast of the lead. Required the correction 
to be applied to the sounding before comparing it with the 
chart. 

Answer. Constants on Brest +7^ 34™, -f 13** 6*", Haute 
Isle H. W. 2h 40™ a.m., H. M. S. R. 16^^ 6*". Correction to 
subtract from soimdings 25 feet. 

X 2 
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6. On November 10th, 1898, at 11 a.m., being off Ghusan 
Tinghae, China, took a oast of the lead. Required the correc- 
tion to be applied to the sounding before comparing it with the 
chart. 

Answer. Constants on Brest -f 8^ 47", —7^ 6*°, Chusan 
H. W. 8»> 58™ A.M., H. M. S. R. 6*^ tf". Correction to subtract 
from sounding 6^ 9*". 

6. On December 24th, 1898, at 4.20 p.m., being ofif Santa 
Cruz River, SE coast of South America, took a cast of the lead. 
Required the correction to be applied to the sounding before 
comparing it with the chart. 

Answer. Constants on Brest +5** 43™, +20** 6***, Santa 
Cruz H. W. 7*^ 11™ P.M., H. M. S. R. 20^* 0*°. Correction to 
subtract from sounding 21** 5*". 



Amplitudes 

1. 1898, January 12th, at 7^ 31™ a.m. A. T. S., in Lat. 
45° 20^ N, Long. 19° 40^ W, the Sun rose, bearing by Compass 
S 44° E. Required the True Amplitude and the Error of the 
Compass, and supposing the Variation to be 18° W, required 
the Deviation of the Compass for the direction of the Ship's 
Head. 

Answer, © Declination 21° 36' 59^' S; True Amplitude 
E 31° 36' 13" S ; Error of Compass 14° 23' 47" W ; Deviation 
3° 36' 13" E. 

2. 1898, March 24th, at 6'' 2™ p.m. A. T. S., m Lat. 
23° 14' N, Long. 165° 26' W, the Sun set, bearing by Compass 
WNW. Required the True Amplitude and the Error of the 
Compass, and supposing the Variation to be 29° W, required 
the Deviation of the Compass for the direction of the Ship's 
Head. 

Am. © Dec. 1° 49' 25" N ; True Amplitude W 1° 59^ 4" N ; 
Error of Compass 20° 3a 56" W ; Deviation 8° 29^ 4" E. 

3. 1898, May 7th, at 6»> 19™ a.m. A. T. S., in Lat. 14° 55' S, 
Long. 132° 20' E, the Sun rose, bearing by Compass N 50° B. 
Required the True Amplitude and the Error of the Compass, 
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and supposing the Variation to be 11° E, required the Deviation 
of the Compass for the direction of the Ship's Head. 

Answer. Declination 16° 43' 51" N ; True Amplitude 
E 17° 19' 57" N ; Error of Compass 22° 4(y 3" E ; Deviation 
11° 40' 3" E. 

4. 1898, July 2nd, at 3^ 37°* a.m. A. T. S., in Lat. 64° 15' N, 
Long. 176° 19' W, the Sun rose, bearing by Compass N 47° E- 
Bequired the True Amplitude and the Error of the Compass, 
and supposing the Variation to be 18° E, required the Deviation 
of the Compass for the direction of the Ship's Head. 

Am. Dec. 23° 1' 17" N ; True Amplitude E 42° 1' 5" N ; 
Error of the Compass 0° 68' 55" E ; Deviation 17° 1' 6" W. 

5. 1898, Sept. 19th, at 6"^ 0»° p.m. A. T. S., in Lat. 49° 20' S, 
Long. 40° W, the Sun set, bearing by Compass W 17° N. 
Required the True Amplitude and the Error of the Compass, 
and supposing the Variation to be 17° W, required the Devia- 
tion of the Compass for the direction of the Ship's Head. 

Answer. Dec. 1° 13' 58-2" N; True Amplitude 
W V 53' 31" N ; Error of the Compass 15° 6' 29" W ; Devia- 
tion 1° 53' 31" E. 

6. 1898, November 30th, at 6^ 50»» a.m. A. T. S., in Lat. 
37° 52' N, Long. 14° 20' W, the Sun rose, bearing by Compass 
S 62° E. Required the True Amplitude and the Error of the 
Compass, and the Variation being 19° W, required the Devia- 
tion of the Compass for the direction of the Ship's Head. 

Ans. Dec. 21° 40' 59" S ; True Amplitude E 27° 54' 20" S ; 
Error of the Compass 0° 5' 40" W ; Deviation 18° 64' 20" E. 



Sun Time Azimuths (by Tables) 

1. 1898, January 28th, at 4»» 18™ 24» p.m. A. T. S., in Lati- 
tude 49° 28' S, and Longitude 114° 16' W, the Sun bore by 
Compass N 80° W. Required the True Azimuth, and Error of 
the Compass by the Time Azimuth Tables ; and supposing the 
Variation to be 11° E, required the Deviation of the Compass 
for the direction of the Ship's Head. 

Answer. Dec. 17° 68' 27" S ; True Azimuth N 82^° W ; 
Error of Compass 2^° W Deviation 13^° W 
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2. 1898, March 11th, at 1^ 34™ 20» a.m. A. T. S., in Latitude 
39° 44' N, and Longitude 41° 26' W, the Sun bore by Compass 
East. Kequired the True Azimuth, and Error of the Compass 
by the Time Azimuth Tables ; and supposing the Variation to 
be 28° E, required the Deviation of the Compass for the direction 
of the Ship's Head. 

Answer, Dec. 3° 36' 41" S ; © True Azimuth S 72° E ; 
Error of Compass 18° E ; Deviation 10° W. 

3. 1898, May 17th, at 9^ 10™ 40' a.m. A. T. S., in Latitude 
49° 28' S, and Longitude 169° 18' E, the Sun bore by Compass 
N 25° E. Eequired the True Azimuth and Error of the 
Compass by the Time Azimuth Tables ; and supposing th^ 
Variation to be 15° E, required the Deviation of the Compass 
for the direction of the Ship's Head. 

Amwer, © Dec. 19° 15' 59" N ; © True Azimuth N 40^° E ; 
Error of Compass 15^° E ; Deviation i° E. 

4. 1898, July 19th a.m. at Ship, in Latitude 51° 24' N, Longi- 
tude 134° 25' E, when M. T. G. by Chronometer was on the 18th 
12h 18°» 40«, the Sun bore by Compass S 50° E. Required the 
True Azimuth and Error of the Compass by the Time Azimuth 
Tables ; and supposing the Variation to be 7° E, required the 
Deviation of the Compass for the direction of the Ship's Head. 

Answer. Dec. 20° 54' 9" N ; A. T. S. 9^ 10" a.m. ; © True 
Azimuth S 63^ E ; Error of Compass 13° 20' W ; Deviation 
20° 20' W. 

5. 1898, September 5th, p.m. at Ship, in Latitude 32° 18' S, 
Longitude 110° W, when M. T. G. by Chronometer was on the 
6th 11*^ 40™ 20*, the Sun bore by Compass West. Eequired the 
True Azimuth and Error of the Compass by the Time Azimuth 
Tables ; and supposing the Variation to be 18° E, required the 
Deviation of the Compass for the direction of the Ship's Head. 

Answer. © Dec. 6° 32' 8" N ; A. T. S. 4i» 22™ p.m. ; True 
Azimuth N 71° W ; Error of Compass 19° E ; Deviation 1° E. 

6. 1898, November 17th a m. at Ship, in Latitude 54° 40' N, 
Longitude 177° 53' E, when M. T. G. by Chronometer was on 
the 16th 10^ 22™ 30«, the Sun bore by Compass S 10° E. Re- 
quired the True Azimuth and Error of the Compass by the 
Time Azimuth Tables; and supposing the Variation to be 
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24" W, required the Deviation of the Compass for the direction 
of the Ship's Head. 

Answer. Dec. 18= 56' 15" S ; A. T. S. 10^ 29~ a.m. ; 
3 True Azimuth S 22" E ; Error of Compass 12° W ; 
Deviation 12^ E. 

Moon, Star, and Planet Time Azimuths (by Tables) 

1. 1898, Febi-uary 4th, at 3»» 30" a.m. A. T. S., in Latitude 
54° 58' N, Longitude 29° 15' W, the Moon bore by Compass 
N 86° W. Required the True Azimuth and the Error of the 
Compass by Time Azimuth Tables; and supposing the 
Variation to be 25° W, required the Deviation of the Compass 
for the direction of the Ship's Head. 

Anstver, D R. A. 7*» 12»« 29" ; D Dec. 23= 21' 13" N ; © R. A. 
21h llm 43* ; D H. A. 5^ 29™ 14- W ; True Azimuth N 82° W ; 
Error of Compass 4° E ; Deviation 29° E. 

2. 1898, April 5th, at 2^ 49™ a.m. A. T. S. in Latitude 
44° 40' S, Longitude 67° 38' E, Jupiter bore by Compass 
N 83° W. Required the True Azimuth and the Error of Com- 
pass by Time Azimuth Tables; and supposing the Variation 
to be 6° E, required the Deviation of the Compass for the direc- 
tion of the Ship's Head. 

Answer. Jupiter's R. A. 12*» 17" 40" ; Jupiter's Dec. 
0° 10' 34" S ; © R. A. 0»^ 55™ 50» ; Jupiter's H. A. 3^ 27™ 10» W ; 
True Azimuth N 61° 20' W ; Error of Compass 21° 40' E ; 
Deviation 15° 40' E. 

3. 1898, June 14, at i^ 28™ a.m., A. T. S., in Latitude 
34° 28' S, Longitude 147° 40 W, the Star Achernar bore by 
Compass S 40° E. Required the True Azimuth and the Error 
of the Compass; and supposing the Variation to be 5° E, 
required the Deviation of the Compass for the direction of the 
Ship's Head. 

Ajiswer, « R. A. 1** 33™ 56« ; * Dec. 57° 44' 46" S ; © R. A. 
5h 3im 378 ; * H. A. 3"^ 34™ 19» E ; True Azimuth S 39^° E ; Error 
of Compass 0° 30' E ; Deviation 4° 30' \V. 

4. 1898, August 23rd, in Latitude 49° 50' S, Longitude 
156° W, when M. T. G. by a Chronometer was on the 23rd 
2ih 44m Qs^ the Moon bore by Compass S 85° W. Required the 
True Azimuth and the Error of the Compass by Time 
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Azimuth Tables ; and supposing the Variation to be 9° W, re- 
quired the Deviation of the Compass for the direction of the 
Ship's Head. 

Answer. D R. A. 15^ 28'» 60 ; D Dec. 23° 4' 29" S ; R. A. M. © 
lOh lOm 49- ; D H. A. 6»» 21°» 69- W ; True Azimuth S 70° 4(y W ; 
Error of Compass 14° 20' W ; Deviation 6° 20^ W. 

6. 1898, October Ist, in Latitude 42° 30^ N, Longitude 
144 E, when M. T. G. by a Chronometer was on the 1st 
2h 14m 08^ Mars bore by Compass N 80° E. Required the True 
Azimuth and the Error of the Compass, and supposing the 
Variation to be 1° E, required the Deviation of the Compass 
for the direction of the Ship's Head. 

Answer. Mars' R. A. 7»> 11°» 28« ; Mars' Dec. 23° 4' 10" N ; 
R. A. M. © 12»» 41» 20- ; Mars' H. A. ff' 40~ 8« (E) ; True 
Azimuth N 66° 16' E ; Error of Compass 13° 46' W ; Deviation 
14° 46' W. 

6. 1898, December 18th, in Lat. 36° 16' S, Long. 19° E, 
when the M. T. G. by a Chronometer was on the 17th 17^ 42" 0», 
the Star Procyon bore by Compass N 60° W. Required the 
True Azimuth and the Error of the Compass ; and supposing 
the Variation to be 24° W, required the Deviation of the 
Compass for the direction of the Ship's Head. 

Answer. « R. A. 1^ 34" 3- ; * Dec. 5° 29' 0" N ; R. A. M. © 
17h 47m 27«; ^ H. A. 6h 11" 24" (W) ; True Azimuth N 78° 30 W; 
Error of Compass 28° 30' W ; Deviation 4° 30' W. 

Longitude by Chronometer and Altitude Azimuth 

1. 1898, January 3rd, at about 8^ 60" a.m., in Latitude 
40** 18' N, Longitude D. R. 44° 19' W, when the Time by a 
Chronometer was on the 3rd 0** 6" 46*, whose Error on 
M. T. G. on November 10th, 1897, was fast 14" 28«, and on 
December 2, 1897, fast 13" 44», the Obs. Alt. was 12° 68' 0", 
I. E. + 1' 20", Height of Eye 20 feet. Sun bore by Compass SSE, 
Variation 19° W. Required the Longitude, the Error of the 
Compass, and the Deviation for the position of the Ship's Head. 

Answer. M. T. G. 2nd, 28^ 63" 6« ; © Dec. 22° 47' 56-1" S ; 
E. T. 4" 50-88* + to A. T.; © Tr. Alt. 13° 7' 18"; i Sum 83° 6' 36"; 
A. T. S. 2nd 20** 61" 10» ; Long. 44° 16' W ; © Tr. Az. 
S 43° 69' 48" E; Comp. Error 21° 29' 48" W; Dev. 2° 29' 48" W 
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2. 1898, February 18th, at about 6 p.m., in Lat. 54° 16' S, 
Long. D. E. 179° 21' E, when a Chronometer showed &" 9™ 1*, 
whose Error on M. T. G. on February 1st, 1898, was slow 
9>» 18», and daily rate 3» losing, the Obs. Alt. Q was 8° 67' 20", 
I. E. nil, Height of Eye 12 feet, Sun bore by Compass 
S 56° W, Variation 30° B. Required the Longitude, the 
Compass Error, and Deviation for the position of the Ship's 
Head. 

Answer. M. T. G. 17th 18»* 19°^ 9« ; Dec. 11° 35' 549" S ; 
B. T. U^ 7-24' + to A. T.; Tr. Alt. 9° 4' 27"; i Sum 
70° 52' 16"; A. T. S. 18th 6»> 2" 12»; Long. 179° 17' 30" E; 
Tr. Az. S 82° 43' 29" W ; Comp. Error, 26° 43' 29" E ; 
Dev. 3° 16' 31" W. 

3. 1898, March 17, in Lat. 17° 26' N, Long. D. R. 140° 44' W, 
when the Time by a Chronometer was on 17th 6*» 29°> 26«, 
whose Error on M. T. G. was, on January 2nd, 1898, fast 
1«» 28-, and on March 1st fast 1« ; the Obs. Alt. was 
27° 33' 60", I. E. -1' 20", Height of Eye 22 feet. Sun bore 
by Compass East, Variation 11° W. Required the Longitude, 
the Compass Error, and Deviation for the position of the 
Ship's Head. 

Answer. M. T. G. 17th 5»» 29°» 49-3« ; Dec. 1° 7' 48" S ; 
E. T. 8" 20-7&* + to A. T. ; Tr. Alt. 27° 42' 16" ; ^ Sum 
68° 7' 32" ; A. T. S. 16th 19»» 68^ 17'5* ; Long. 140° 47' 45" W ; 
Tr. Az. S 79° 9' 36" E ; Comp. Error, 10° 50' 24" E ; Dev. 
21° 60' 24" E. 

4. 1898, April 6th, at about 7^ 30" a.m., in Lat. 33° 18' N, 
Long. D. R. 167° 20' E, when a Chronometer showed 
&" 48™ 63«, whose Error on M. T. G. on March 1st was 14" 28« 
slow, and whose daily rate was 3* gaining, Obs. Alt. was 
21° 32' 40", I. E. -1' 10", Height of Eye 30 feet. Sun bore 
by Compass S 50° E, Variation 31° W. Required the Longi- 
tude, and the Compass Error and Deviation for the. position 
of the Ship's Head. 

Answer. M. T. G. 4th 9'* 1"» 38»; © Dec. 5° 67' 13" N ; 
E. T. 2™ 51-88- + to A. T. ; © Tr. Alt. 21° 39' 48"; ^ Sum 
69° 30' 18" ; A. T. S. 4th 19^ 28°^ 14- ; Long. 157° 22' E ; © Tr. 
Az. S 82° 40' 52" E ; Comp. Error, 32° 40' 62" W ; Dev. 
1° 40' 52" W. 
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5. 1898, May 10th, p.m. at Ship, in Lat. 34° 12^ S, Long. 

D. R. 81° 16' E, when the Time by a Chronometer was on the 
9th 22»» 20°^ 36*, whose Error on M. T. G. on February 4th, 
1898, was 0" 22« fast, and on April 10th, 1898, 1™ 9» slow, 
Obs. Alt was 14° 18' 40", I. E. -1' 20", Height of Eye 
16 feet. Sun bore by Compass N 50° W, Variation 5° W. 
Required the Longitude, and the Compass Error, and Deviation 
for the position of the Ship's Head. 

Aiiswer. M. T. G. 9th, 22^ 22°* 27» ; © Dec. 17° 41' 0" N ; 

E. T. 3°* 46-56» - from A. T, ; © Tr. Alt. 14° 25' 41" ; J Sum 
78° 9' 21" ; A. T. S. 10th, 3^ SI*" 12» ; Long. 81° 14' 36" E ; 
© Tr. Az. N 56° 21' 10" W ; Comp. Error, 6° 21' 10" W ; Dev. 
1° 21' 10" W. 

6. 1898, June 20th, in Lat. 0° 0', Long. D. R. 0° 3' W at 
about 7*^ 10™ A.M., when a Chronometer showed 7^ 28" 49», 
whose Error on M. T. G. on June 1st was fast 17™ 10*, and 
whose daily rate was 2« losing, Obs. Alt. Q was 16° 4' 40", 
I. E. +2^ 50", Height of Eye 28 feet, Sun bore by Compass 
East, Variation 2° E. Required the Longitude and the 
Compass Error and Deviation for the position of the Ship's 
Head. 

Answer, M. T. G. 19th 19»^ 12™ 17- ; © Dec. 23° 26' 55" N ; 
E. T. 1™ 15* + to A. T. ; © Tr. Alt. 16° 14' 54" ; i Sum 
41° 24' 0" ; A. T. S. 19th, 19^ 11™ 2» ; Long. 0° 0' 0" ; © Tr. 
Az. S 114° 29' 10" E ; Comp. Error 24° 29' 10" W ; Dev. 
26° 29' 10" W. 

7. 1898, July 7th, a.m. at Ship, in Lat. 45° 0' N, Long. D. R. 
45° 4' W, when the Time by a Chronometer was on the 6th 
2ih 37m 9«^ whose Error on M. T. G. was on May 1st, 1898, 
0™ 28» slow, and on July 2nd, 1898, 2™ 7* fast, Obs. Alt. Q 
was 20° 46' 10", I. E. + 0' 30", Height of Eye 17 feet, Sun 
bore by Compass E ^ S, Variation 11° W. Required the 
Longitude, and the Compass Error, and Deviation for that 
position of the Ship's Head. 

Answer, M. T. G. 6th 21»» 34™ 50« ; © Dec. 22° 34' 57*4" N ; 
E. T. 4™ 37-7» + to A. T. ; © Tr. Alt. 20° 55' 58" ; ^ Sum, 
66° 40' 30" ; A. T. S. 6th 18»^ 30™ 11» ; Long. 45° 0' 15" W ; 
Tr. Az. S 101° 28' 30" E ; Comp. Error, 17° 6' 0" W ; Dev. 
6° 6' 0" W. 
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8. 1898, August 2l8t, at about S^ 30™ a.m., in Lat. 49° 20' S, 
Liong. D. R. 149^ 15' W, when a Chronometer showed 6^ 14» 15% 
whose Error on M. T. G. was slow 17" 16*, Obs. Alt. £ was 
13** 26' 0", I. E. -1' 10", Height of Eye 24 feet, Sun bore 
by Compass N 84° E, Variation 21° W. Required the 
Longitude and the Compass Error and Deviation for that 
position of the Ship's Head. 

M. T. G. 21st 6h 31" 31» ; Dec. 11° 56' 38" N ; E. T. 
2~ 53» + to A. T. ; Tr. Alt. 13° 32' 3" ; ^ Sum 82° 24' 19" ; 
A. T. S. 20th, 20^ 31» 18- ; Long. 149° 20' W ; Tr. Az. 
N 52° 38' 26" E; Compass Error, 31^ 21' 34" W; Dev. 
10° 21' 34" W. 

9. 1898, September 22nd, p.m. at ship, in Lat. 21° 23' N, 
Long. D. R. 125° 18' \V, when the Time by a Chronometer was 
on the 22nd 12»^ 36"» 4-3», whose Error on M. T. G. on June 1st 
was slow 1™ 29', and on July 31st fast 0™ 19», Obs. Alt. 2. was 
22° 49' 46", I. E. + 1' 50", Height of Eye 16 feet. Sun bore 
by Compass West, Variation 24° W. Required the Longitude, 
and the Compass Error and Deviation for the position of the 
Ship's Head. 

Answer. M. T. G. 22nd 12»^ 34°» 9»; © Dec. 0° 0' 0" ; E. T. 
T" 32-5« - from A. T. ; Tr. Alt. 23° 1' 29" ; i Sum 67° 12' 15" ; 
A. T. S. 22nd 4»^ 20™ 39» ; Long. 125° 15' 37" W ; Tr. Az. 
S 80° 25' 14" W ; Comp. Error 9° 34' 46" W; Dev. 14° 25' 14" E. 

10. 1898, October 28th, at about 8 a.m., in Lat. 61° 19' S, 
Long. D. R. 179° 56' E, when a Chronometer showed 8»» 3"> 37% 
whose Error on M. T. G. on October 1st, 1898, was fast 16™ 10", 
and daily rate was 3« gaining, Obs. Alt. (Si was 25° 39' 45", I. E. 
-.1' 20", Height of Eye 26 feet, Sun bore by Compass N 50° E, 
Variation 25° E. Required the Longitude and the Compass 
Error and Deviation for the position of the Ship's Head. 

Answer. M. T. G. 27th V 46™ 8' ; Dec. 13° 0' 21-5" S ; 
E. T. 16™ 4'43« — from A. T. ; Tr. Alt. 25° 47' 40" ; i Sum 
82° 3' 9" ; A. T. S. 27th 20»» 2™ 12» ; Long. 180° O'O" E ; Tr. 
Az. N 68° 44' 27" E ; Comp. Error, 18° 44' 27" E ; Dev. 
"6° 15' 33" W. 

11. 1898, November 5th, p.m. at Ship, in Lat. 51° 18' N, 
Long. D. R. 0' 15' E, when the Time by a Chronometer was on 



Digitized by 



Google 



316 EXERCISES 

the 5th, 2»» 44™ 33', whose Error on M. T. G. was nil, Obs. Alt. 
0was 11° 51' 10", I. E. + 2' 40", Height of Eye 12 feet, Sun 
bore by Compass S 23° W, Variation 20° W. Required the 
Longitude, and the Compass Error and Deviation for that 
position of the Ship's Head. 

Answer, M. T. G. 5th 2^ 44"^ 33* ; 3 Dec. 15° 49' 13-6" S ; 
E. T. 16°^ 17»- from A. T. ; Tr. Alt. 12° 2' 18"; i Sum 
84° 34' 46" ; A. T. S. 5th 3^ 2™ 10- ; Long. 0° 20' E ; © Tr. 
Az. S 44° 36' W ; Comp. Error, 21° 36' E ; Dev. 41° 36' E. 

12. 1898, December 21st, at about 7 a.m., m Lat. 55° 22' S, 
Long. D. R. 148° W, when a Chronometer showed 4^ 55™ 55*2*, 
whose Error on M. T. G. was on July 18th fast 1" 10*, 
and on November 2nd slow 156*, Obs. Alt. was 28° 12' 50", 
I. E. —1' 10", Height of Eye 32 feet, Sun bore by Compass 
N 80° E, Variation 10° W. Required the Longitude and the 
Compass Error and Deviation for that position of the Ship's 
Head. 

Answer. M. T. G. 21st 4^ 56™ 50« ; 3 Dec. 23° 27' 6" S, 
E. T. 1™ 30» - from A. T. ; © Tr. Alt. 28° 20' 43" ; i Sum 
75° 7' 48" ; A. T. S. 20th 19»^ 5™ 39^ liong. 148° 10' 15" \V ; 
© Tr. Az. N 90° 50' 21" E ; Comp. Error 10° 50' 21" E ; Dev. 
20° 50' 21" E. 

Latitude by Meridian Altitude of Stars and Planets 

1. 1898, January 11th, the Obs. Mer. Alt. of the Star 
Castor was 62° 14' 20" (bearing South), I. E. + 1' 40", Height of 
Eye 20 feet. Required the Latitude. 

A7iswer, Tr. Alt. 62° 11' 7"; Dec. 32° 6' 42" N; 
Latitude 60° 55' 35" N. 

2. 1898, April 10th, the Obs. Mer. Alt. of the Star 
Arcturus was 51° 28' 10" (bearing North), I. E. - 3' 20", Height 
of Eye 16 feet. Required the Latitude. 

Anstoer, Tr. Alt. 51° 20' 10"; Dec. 19° 42' 28" N; 
Latitude 18° 57' 22" S. 

3. 1898, July 21st, the Obs. Mer. Alt. of the Star 
Fomalhaut was 67° 44' 30" (bearing South), I.E. + 2' 15", Height 
of Eye 28 feet. Required the Latitude. 

Answer, Tr. Alt. 67° 41' 11"; Dec. 30° 9' 18" S; 
Latitude 7° 50' 29" S. 
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4. 1898, October 26th, the Obs. Mer. Alt. of the Star 
Sinus was 66° 14' 40" (bearing North), I. E. - 4' 20", Height of 
Eye 12 feet. Required the Latitude. 

Answer, Tr. Alt. 56° 6' 18" N; Dec. 16° 34' 26" S; 
Latitude 60° 28' 7" S. 

5. 1898, February 9th, in Long. 17° W, the Obs. Mer. 
Alt. of Jupiter was 48° 27' 20" (bearing South), I. E. — 0' 60", 
Height of Eye 21 feet. Required the Latitude. 

Answer, M. T. G. 8th 16»» 266™; Dec. 2° 33' 20^' S; 
Tr. Alt. 48° 21' 30" ; Latitude 39° 6' 10" N. 

6. 1898, May 12th, in Long. 140° E, the Obs. Mer. Alt. of 
Saturn was 68° 14' 30" (bearing North), I. E. + 1' 30", Height of 
Eye 18 feet. Required the Latitude. 

Answer. M. T. G. 11th 3»^ 56-9™; Deo. 20° 6' 21-2" S; 
Tr. Alt. 68° 11' 36" ; Latitude 41° 54' 45" S. 

7. 1898, August 24th, in Long. 156° E, the Obs. Mer. Alt. of 
Mars was 31° 26' 40" (bearing North), I. E. — 2' 40", Height of 
Eye 26 feet. Required the Latitude. 

Answer, M. T. G. 23rd 9^ 0™; Dec. 23° 10' 9" N; 
Tr. Alt. 31° 17' 29"; Latitude 35° 32' 22" S. 

To find the Time when a Star will eross the Meridian 

1. 1898, January 6th, in Lat. 41° N, Long. 29° W, required 
the approximate A. T. S. when the Star Rigel would be on the 
Meridian. Answer, 9** 57™ p.m. 

2. 1898, March 20th, in Lat. 18° S, Long. 150° E, required 
the approximate M. T. S. when the Star Arcturus would be on 
the Meridian. Answer, 2*» 22" a.m. 

3. 1898, June 18th, in Lat. 51° S, Long. 140° W ; required 
the approximate A. T. S. when the Star A. Scorpii would be on 
the Meridian. Anstver. 11*> 36™ p.m. 

4. 1898, August 16th, in Lat. 38° S, Long. 34° W. Required 
the approximate M. T. S. when the Star Achernar would be on 
the Meridian. Answer, 3*^ 64™ a.m. 

5. 1898, October 2nd, in Lat. 51° N, Long. 4° W. Required 
the approximate A. T. S. when the Star Markab would be on 
the Meridian. An^oer, 10*» 24™ p.m. 
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6. 1898, December 20th, in Lat. 10° S, Long. 30° E. Required 
the approximate M. T. S. when the Star Capella would be on 
the Meridian. Anstver. 11*» 11™ p.m. 



To find approximately the Position of Stars with 
regard to the Meridian at a given Time 

1. Find the names, from the Nautical Almanac, of the stars 
not less bright than the 2nd magnitude that will be within two 
hours East of your Meridian, above the Pole and above the 
Horizon, at about 10 p.m., M. T. S. on January 6th, 1898, in 
Lat. 41° N, Long. 29° W., and their H. A., and whether they 
will pass the Meridian North or South of the Zenith. 



Answer, 



Capella 
Rigel . 

V Ononis 
/3 Tauri . 
c Orionis 
a Orionis 
/3 Ganis Majoris 

V Geminorum 
Sirius 

€ Ganis Magnis 
8 Ganis Magnis 



H. A. East 

3 
13 
13 
25 
43 
12 
25 
34 
48 
58 



Position in respect 
to the Zenith. 

North 

South 







1 
1 
1 
1 
1 



2. At 2 A.M. M. T. S., on March 20th, 1898 Lat. 18° S, 
Long. 150° E. 

Answer. 

fi Gentauri . 
6 Gentauri . 
Arcturus . 
a Gentauri 

3. At 11 P.M. M. T. S., June 18th, 1898, Lat. 51° S, Long. 
140° W. 

Answer. 

XScorpii . . O'* 36'" North 



Qh 7m 


South 


11 


}* 


22 


North 


43 


South 



Digitized by 



Google 



EXERCISES 



319 



4. At 3 A.M. M. T. S., on August 16th, 1898, Lat. 38° S, 
Long. 34° W. 

Answer. 

Achernar . .0*^ 54™ South 

aArietis . . 1 22 North 

5. At 10 P.M. M. T. S., on October 2nd, 1898, Lat. 51° N, 
Long. 4** W. 

Answer. 

Fomalhaut . 0^ 6" South 

Markab ... 13 

6. At 11 P.M. M. T. S., on December 20fch, 1898, Lat. 10° S, 
Long. 30° E. 



Gapella 


QhUm 


North 


Rigel. 


11 


M 


y Orionis 


22 


J1 


j8 Tauri . 


22 


ft 


e Ononis 


33 


If 


a Orionis 


52 


}f 


fi Canis Majoris 


. 1 21 


South 


Canopus . 


. 1 23 


ft 


y Geminoram 


. 1 34 


North 


Sinus 


1 42 


South 


e Canis Majoris . 


. 1 57 


M 



To Compute the Observed Meridian Altitude of a Star 

1. 1898, January 6th, in Lat. D. R. 41° 10' N, Long. 
29° 15' W, compute the Observed Meridian Altitude of Sirius, 
as a guide to setting the sextant ; Height of Eye 20 feet and 
LE. + 4'15". Anstvcr. 32° 17' 8" 

2. 1898, March 20th. in Lat. D. R. 18° 8' S, Long. 150° 14' E. 
compute the Observed Meridian Altitude of Arcturus, as a guide 
to setting the sextant ; Height of Eye 16 feet, and I. E. — 3' 20". 

Anstcer. 52° 19' 15" 

3. 1898, June 18th, in Lat. D. R. 50° 52' S, Long 
139° 56' W, compute the Observed Meridian Altitude of 
X Scorpii, as a guide to setting the sextant ; IJeight of Eye 
24 feet, and I. E. - 1' 25' . Afwcer. 76° 16 19" 
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4. 1898, August 16th, in Lat. D. R. 38° 2' S, Long. 34° 9' W, 
compute the Observed Meridian Altitude of Achernar, as a 
guide to setting the sextant ; Height of Eye 17 feet, and 
I. E. + 2' 10". Answer. 70° 19' 30". 

5. 1898, October 2nd, in Lat. D. R. 61° 12' N, Long. 
4° 25' W, compute the Observed Meridian Altitude of Fomalhaut, 
as a guide to setting the sextant ; Height of Eye 28 feet, and 
I. E. - 1' 40". Amwer. 8° 51' 30". 

6. 1898, December 20th, in Lat. 10° S, Long. 30° E, com- 
pute the Observed Meridian Altitude of Canopus, as a guide to 
setting the sextant ; Height of Eye 14 feet, and I. E. + 2' 60". 

Answer. 47° 23' 20". 

Star Chronometep 

1. 1898, Januaiy 21st, p.m. at Ship, in Lat. 50° 12' N, after 
the Star Markab had passed the Meridian its Obs. Alt. 
was 19° 49' 55", Height of Eye 22 feet, and a Chronometer 
(corrected) indicated M. T. G. on the 21st 9^* 64"» 28». Required 
the Longitude. 

Answer. R. A. M. © 20»^ 5™ 6-81»; ^ H. A. 6»» 6™ 38-7» ; 
Longitude 28° 18' 60" W. 

2. 1898, March 19th, a.m. at Ship, in Lat. 35'"28' S, when 
a Chronometer (corrected) indicated M. T. G. on the 18th 
V' 28™ 22«, the Obs. Alt. of Regulus (W of Meridian) was 
17° 28' 20", Height of Eye 30 feet. Required the Longitude. 

Amwer. R. A. M. 23>» 45»" 29-88- ; * H. A. S^ 51'" 25*4« ; 
Longitude 100° 8' 12" E. 

3. 1898, May 27th, p.m. at Ship, in Lat. 50° 48' S, when a 
Chronometer (corrected) indicated M. T. G. on the 27th 
11^ 47'" 60», the Obs. Alt. of Antares (E of Meridian) was 
30" 31' 0", Height of Eye 26 feet. Required the Longitude. 

Amtoer. R. A. M. © 4^ 22™ 11-33- ; * H. A. 19^ 7™ 11-5* ; 
Longitude 69° 54' 9" W. 

4. 1898, July 16th, p.m. at Ship, in Lat. 14° 40' N, when a 
Chronometer (corrected) indicated M. T. G. on the 16th 
4h 12™ S\ the Obs. Alt. of Arcturus (W of Meridian) was 
15° 4' 10", Height of Eye 19 feet. Required the Longitude. 

Answer. R. A. M © 7^ 38™ 44'; « H. A. 6^ 16™ 21- ; 
Longitude 114° 17' 57" E. 
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Moon Chronometer 

5. 1898, September 10th, a.m. at Ship, in Latitude 49° 36' N, 
when a Chronometer (corrected) indicated M. T. G. on the 10th 
Oh 45in 54«^ the Obs. Alt. of the Moon's L. L. was 9° 33' 30" 
(E of Meridian), Height of Eye 24 feet. Required the Longi- 
tude. 

Answer, R. A. M. IP 18'» 17-6-; S. D. 14' 61"; H.-P. 
54' 8" ; D R. A. 7^ S^ 35-2« ; }) Dec. 22° 31' 24" N ; Longitude 
174° 23' 6" W. 

6. 1898, November 19th, p.m. at Ship, in Lat. 39° 29' 0" S, 
when a Chronometer (corrected) indicated M. T. G. on the 19th 
6h 28" 2% the Obs. Alt. of the Moon's L. L. was 10° 54' 40" 
(W of Meridian), Height of Eye 26 feet. Required the Longi- 
tude. 

Answer. R. A. M. 15^ 55" 12-56« ; S. D. 16' 13" ; H.-P. 
59' 8"; 3) R.A. 21h7"ll-4»; D Dec. 13° 21' 50" S ; Longitude 
66° 20' 57" E. 

Ex-Meridians of the Sun 

1. 1898, Jan. 27th, in Lat. D. R. 49° 50' N, Long. 1° 18' W, 
when a watch showed 0** 38" 16", whose error on A. T. S. had 
been found to be 49" fast, since when the Ship had run WSW 
(true) 21 miles, Obs. Alt. was 21° 0' 30" (bearing South), 
I. E. nil, Height of Eye 20 feet. Required the Latitude by 
Reduction to the Meridian. 

Answer, A. T..S. 27th 0»» 35™ 27^ A. T. G. 0»» 40°» 39«; 
© Dec. 18° 21' 45-4" S ; Tr. Alt. 21° 10' 5" ; 1st Reduction 
4-27' 4" ; 2nd Reduction -3" ; Lat. 50° 1' 9" N. 

2. 1898, February 18th, in Lat. D. R. 51° 12' S, Long. 
111° 15' E, when the Time by a Chronometer was on the 17th 
W 31°^ 44», which was 1°^ 18« fast on M. T. G., Obs. Alt. 
was 49° 56' 30" (bearing North), I. E. —1' 15", Height of Eye 
18 feet. Required the Latitude by Reduction to the Meridian. 

Amwer, M. T. G. 17th 16^ 30°^ 26» ; Dec. 11° 37' 30" S ; 
E. T. 14» 7'63'» - from M. T. ; A. T. S. 17th 23'* 41™ 18'4» ; 
Tr. Alt. 50° 6' 33" ; 1st Reduction 4-11' 0"; 2nd Reduction 
-1"; Lat. 51° 19' 58" S. 

VOL. II. r 
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3. 1898, March 20th, in Lat. D. R. 46° 12' S, Long. 38^ 4' W, 
when M. T. G. by Chronometer was on the 20th 2»» 6™ 4», 
Obs. Alt. Q was 42° 48' 50" (bearing North), I. E. +0° 40^, 
Height of Eye 17 feet. Required the Latitude by Reduction to 
the Meridian. 

Answer. A. T. S. 19th 23»» 26" 18» ; Dec. 0° O' 0" ; 
E. T. 7" 30- - from M. T.; Tr. Alt. 43° 0' 34"; Ist Reduction 
+ 35' 34" ; 2nd Reduction - 11" ; Lat. 46° 24' 3" S. 

4. 1898, April 15th, in Lat. D. R. 21° 32' S, Long. 48° 31' E, 
when the Time by a watch was on the 14th 23** 47*" 1*, whose 
error on A. T. S. had been found to be 1"* 28* fast, since when 
the Ship had run N 55° W (true) 22 miles, Obs. Alt. 1 was 
58° 29' 20" (bearing North), I. E. - 3' 30", Height of Eye 
30 feet. Required the Latitude by Reduction to the Meridian. 

Answer. A. T. S. 14th 23^ 44°» 15-; A. T. G. 14th 
20»» 30" 11'; Deo. 9° 49' 237" N ; B. T. 0™ 0-; Tr. Alt. 
58° 35' 51"; 1st Reduction V 14' 18"; 2nd Reduction -3"; 
Lat. 21° 20' 30" S. 

5. 1898, May 22nd, in Lat. D. R. 55° 28' N, Long. 172° 14' W, 
'when the Time by a watch was on the 22nd 0*» 19" 46», whose 
error on A. T. S had been found to be slow 4" 18*, since when 
the Ship ran S 72° E (true) 28', Obs. Alt. (bearing South) 
54° 26' 10", I. E. -2' 10", Height of Eye 24 feet. Required 
the Latitude by Reduction to the Meridian. 

Answer. A. T. S. 22nd 0^ 27" 12* ; A. T. G. 22nd IV 56" 8» ; 
Dec. 20° 32' 344" N ; Tr. Alt. 54° 34' 23" ; 1st Reduction 
+ 22' 26" ; 2nd Reduction - 6" ; Lat. 55° 35' 51" N. 

6. 1898, June 20th, in Lat. D. R. 39° 28' S, Long. 78° 48' 
W, when the Time by a Chronometer was on the 20th 4*» 44" 41», 
Error of Chronometer on M. T. G. fast 4" 27", Obs. Alt. n: 
26° 31' 30" (bearing North), I. E. -1' 40", Height of Eye 
26 feet. Required the Latitude by Reduction to the Meridian. 

Answer, M. T. G. 20th 4^ 40' 14"; A. T. S. 19th 
2S^ 23" 42» ; Dec. 23° 27' 5" N ; E. T. 1" 2009« - from 
M. T. ; Tr. Alt. 26° 38' 46" ; 1st Reduction + 34' 14"; 2nd 
Reduction - 5" ; Lat. 39° 20' 0" S. 

7. 1898, July 4th, in Lat. D. R. 52° 12' N, Long. 17° 18' W, 
when a watch showed 11*» 47" 35', whose error on A. T. 8. had 
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been found to be fast 3" 16«, since when the Ship had run 
W b N (true) 39^, Obs. Alb. Q 60° 6' 10" (bearing South), 
I. E. +l''lO", Height of Eye 20 feet. Required the Lat. by 
Reduction to the Meridian. 

Answer, A. T. S. 3rd 23^ 40°» 11» ; A. T. G. 4th 0^ 49" 23- ; 
Dec. 22° 51' 53" N ; Tr. Alt. 60° IT 12"; 1st Reduction 
+ 14' 48" ; 2nd Reduction - 3" ; Lat. 52° 19' 56" N. 

8. 1898, August 24th, in Lat. D. R. 49° 16' S, Long. 
100° 12^ E, when the Time by a Chronometer was on the 23rd 
18»> 7" 26», whose error on M. T. G. was slow 6™ 19«, the Obs. 
Alt. was 28° 12' 0" (bearing North), I. E. -1' 20", Height 
of Eye 14 feet. Required the Latitude by Reduction to the 
Meridian. 

Answer. M. T. G. 23rd 18^ 13» 45« ; A. T. S. 24th 0^ 52» 18» ; 
Dec. 11° 6' 4"N ; E. T. 2^ 15-11- - from M. T. ; Tr. Alt. 
28° 21' 10" ; Ist Reduction + 1° 5' ^0" ; 2nd Reduction - 21" ; 
Lat. 49° 27' 27". 

9. 1898, September 20th, in Lat. D. R. 41° 40' S, Long. 
85° 28' E, when the Time by a Chronometer was on the 19th 
17^ 38" 24% whose error on M. T. G. was slow 1" 26«, the Obs. 
Alt. was 46° 49' 0" (bearing North), I. B. +1' 30", Height of 
Eye 26 feet. Required the Latitude by Reduction to the 
Meridian. 

Answer. M. T. G. 19th 17»^ 39" 50« ; A. T. S. 19th 
23h 28" 8« ; Dec. 1° 5' 7-4" N ; E. T. 6" 3413» + to M. T. ; 
Tr. Alt. 47° O' 41" ; 1st Reduction +36' 30" ; 2nd Reduction 
-13"; Lat. 41° 17'65"S. 

10. 1898, October 9th, in Lat. D. R.47° 58' N., Long. 48° 15' 
when the Time by a watch was on the 9th 0*^ 44" 44", whose 
error on A. T. S. had been found to be fast 7" 10", since when 
the Ship had run N 79° E (true) 38', the Obs. Alt. was 
34° 27' 10" (bearing South), I. E. +40", Height of Eye 16 feet. 
Required the Latitude by Reduction to the Meridian. 

Answer. A. T. S. 9th 0»> 41" 18» ; A. T. G. 9th 3^ 54" 18" ; 
Dec. 6° 26' 22" S ; Tr. Alt. 34° 38' 42" ; 1st Reduction 
+ 45' 82" ; 2nd Reduction -13" ; Lat. 48° 9' 37" N. 

11. 1898, November 5th, in Lat. D. R. 51° 18' N, Long. 
46° 8' W, when the Time by a Chronometer was on the 5th 

Y 2 
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2»» 16»» SO, whose error on M. T. G. was fast 8™ 19«, the Obs. 
Alt. Q was 22° 18' 0" (bearing South), I. E. —1' 20", Height of 
Eye 22 feet. Bequired the Latitude by Reduction to the 
Meridian. 

Answer, M. T. G. 6th 2^ 7™ 31« ; A. T. S. 4th 23»^ 19«^ 16» ; 
Dec. 15° 48' 4413" S ; E. T. IG"" 17-26' + to M. T. ; Tr. Alt. 
22« 26' 5"; 1st Reduction + 35' 22"; 2nd Reduction - 5" ; 
Lat. 51° 9' 54" N. 

12. 1898, December 8th, in Lat. D. R. 28° 10' N, Long 
178° 49' W, when the Time by a watch was on the 8th 0»» 51'" 30», 
whose error on A. T. S. had been found to be fast 6" 24", since 
when the Ship had made 18' Diff. Long, to the Eastward, the 
Obs. Alt. ^ was 37° 21' 0" (bearing South), I. E. - 1' 25", 
Height of Eye 15 feet. Required the Latitude by Reduction to 
the Meridian. 

Answer. A. T. S. 8th (^ 46» 18» ; A. T. G. 8th 12^ 41'« 34» ; 
Dec. 22° 49' 34" S ; T. A. 37° 30' 56" ; 1st Reduction + 
1° 13' 8" ; 2nd Reduction - 37" ; Lat. 28° 27' 30" N. 



Ex-Meridians of Moon, Stars, and Planets 

1. 1898, January 1st, in Lat. D. R. 46° 30' N, Long. 164° 11' 
W, when the Time by a Chronometer was on the Ist 22** 12"* 45", 
M. T. G., Obs. Alt. Sirius was 26° 41' 30" (bearing South), 
I. E. nil, Height of Eye 18 feet. Required the Latitude by 
Reduction to the Meridian. 

Answer. M. T. S. Ist, 11»> 16°* 1» ; R. A. M. 18»* 48°* 16-9« ; 
R. A. Mer. 6»* 4" 17-9«; * H. A. 0^ 36°* 23-6» (E) ; M. Z. D. 
63° 4' 33"; * Tr. Alt. 26° 35' 28"; 1st Red. +32' 0"; 2nd 
Red. -5" ; Lat. 46° 18' 4" N. 

2. 1898, February 18th, in Lat. D. R. 0° 12' S, Long. 
178° 10' E, when the Time by a Chronometer was on the 17th 
3** 5°* 8«, whose error on M. T. G. was slow 21», Obs. Alt. 
a Crucis was 27° 21' 15" (bearing South), I. E. nil. Height of Eye 
20 feet. Required the Latitude by Reduction to the Meridian. 

Answer, M. T. G. 17th, 3»* 5°* 29» ; M. T. S. 17th 14»* 58«* 9« ; 
R. A. M. 21h 50°* 26-63« ; R. A. Mer. 12** 48°* 35-6» ; * H. A. 
0° 27' 37" W ; M. Z. D. 62° 19' 51" ; * Tr. Alt. 27° 15' 2"; 
1st Red. +13' 0" ; 2nd Red. -1" ; Lat. 0° 0' 5" S. 
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3. 1898, March 9th, in Lat. D. R. 45° 21' N, Long. 11° 15' W, 
when the Time by a Chronometer was on the 8th IS^ 53" 46", 
whose error on M. T. G. was fast 1" 28% Obs. Alt. 2. ^^ 
40° 23' 10" (bearing South) ; I. E. +20" ; Height of Bye 16 feet. 
Bequired the Latitude by Reduction to the Meridian. 

Answer, M. T. G. 8th, 13^ 52" 18« ; M. T. S. 8th, 13^ 7» 18* ; 
R. A. M. 23'* 7" 7-39« ; ]) S. D. 15' 5616" ; ]) H. P. 57' 40*15" ; 

J R. A. IP 42" 9-22» ; }) Dec. 2° 57' 125" 8 ; R. A. Mer. 
12'* 14" 25-39« ; }) H. A. 0^ 32" 16a7» W ; M. Z. D. 48° 18' 13" ; 

J Tr. Alt. 41° 18' 12"; Ist Red. +32' 0"; 2nd Red. -8"; 
Lat. 45° 12' 43" N. 

4. 1898, April 10th, in Lat. D. R. 49° 35' S, Long. 80° 26' B, 
when the Time by a Chronometer was on the 10th 6** 6" 4", 
whose error on M. T. G. was slow 1" 44*, Obs. Alt. Jupiter's 
L. L. was 40° 12' 0" (bearing North), I. B. -1' 20", Height of 
Eye 18 feet. Required the Latitude by Reduction to the 
Meridian. 

Answer, M. T. G. 10th 6^ 7" 48» M. T. S. ; 10th 11»» 29" 32», 
R. A. M. 1»» 15" 57'34» ; * R. A. 12^ 15" 3-19« ; * Dec. 
0° 6' 0-8" N ; R. A. Mer. 12^ 45" 29-34» ; * H. A. O^* 30" 26-15- W ; 
M. Z. D. 49° 41' 1" ; * Tr. Alt. 40° 5' 44" ; Ist Red. +25' 44" ; 
2nd Red. -5" ; Lat. 49° 22' 36" S. 

5. 1898, May 14th, in Lat. D. R. 25° 24' S, Long. 114° 4' B, 
when the Time by a Chronometer was on the 14th 3** 21" 18" 
whose error on M. T. G. was slow 4" 44", Obs. Alt. 
Arcturus was 44° 54' 40" (bearing North), I. B. + l' 45", Height 
of Eye 26 feet. Required the Latitude by Reduction to the 
Meridian. 

Answer. M. T. G. 14th 3»» 26" 2» ; M. T. S. 14th 11^ 2" 18» ; 
R. A. Mer. 14»> 31" 51-65" ; * H. A. 0^ 20" 48" W ; M. Z. D. 
45° 6' 33" ; * Tr. Alt. 44° 50' 28" ; 1st Red. +16' 58" ; 2nd 
Red. -3" ; Lat. 25° 10' 4" S. 

6. 1898, June 22nd, in Lat. D. R. 50° 21' S, Long. 92° 32^ W, 
when the Time by a Chronometer was on the 21st 19** 26" 10«, 
whose error on M. T. G. was fast 8" 1", Obs. Alt. of 
Canopus, near the Meridian under the South Pole, was 
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13** 24' 50", I. E. +1' 46", Height of Eye 14 feet. Required the 
Latitude by Reduction to the Meridian. 

Answer. M. T. G. 2l8t IQ** 18°^ 9» ; M. T. S. 2l8t 13^ 8™ 1» ; 
R. A. Mer. 19»» 10°» 0-23» ; * H. A. 12»> 48-» 20 W ; M. Z. D. 
102*' 59' 26" ; * Tr. Alt. 13° 18' 58" ; Ist Red.-30' 16" ; 2nd 
Red. +2" ; ^ P. D. 37** 21' 36" ; Lat. 50*> KV 19" S. 

7. 1898, July 12th, in Lat. D. R. 39° 12' S, Long. 151° 18' E, 
when the Time by a Chronometer was on the 11th 9'' 10™ 26*, 
whose error on M. T. G. was slow 8™ 37", Obs. Alt. X was 
31° 11' 10" (bearing North), I. B. -1' 55", Height of Eye 
28 feet. Required the Latitude by Reduction to the Meridian. 

Answer. M. T. G. 11th 9^ ig*- 3» ; M. T. S. 11th 19»» 24"> 15* ; 
R. A. M. 07»^ 19™ 11'98« ; ]) S. D. 15' 15-68" ; }) H. P. 55' 21" ; 
D R. A. 1^ 57™ 21-52» ; }) Dec. 17° 26' 26" N ; R. A. Mer. 
2h 43in 27« ; }) H. A. 0^ 46™ 56^ W-; M. Z. D. 56° 38' 26" ; 
3) Tr. Alt. 32° 5' 4" ; 1st Red. +1° 1' 20" ; 2nd Red -21" ; 
Lat. 39° 27' 31" S. 

8. 1898, August 6th, in Lat. D. R. 49° 31' S, Long. 95° 18' W, 
when the Time by a Chronometer was on the 6th 14*^ 2™ 20», 
whose error on M. T. G. was fast 1™ 28% Obs. Alt. Saturn's 
L. L. was 59° 53' 10" (bearing North), I. E. -1' 50", Height 
of Eye 19 feet. Required Ihe Latitude by Reduction to the 
Meridian. 

Answer. M. T. G. 6th U^ 0™ 52« ; M. T. S. 6th 1^ 39™ 40» ; 
R. A. Mer. 16»» 42™ 8-74» ; * H. A. 0»» 25™ 51-44» W ; M. Z. D. 
29° 57' 27"; * Tr. Alt. 59° 46' 39"; 1st Red. +26' 46"; 2nd 
Red. -11" ; Lat. 49° 20' 19" S. 

9. 1898, September 21st, in Lat. D. R. 36° 57' N, Long. 
28° 17' W, when the Time by a Chronometer was on the 21st 
13»» 2™ 28», whose error on M. T. G. was slow 13™ 50«, 
Obs, Alt. of Fomalhaut (bearing South), was 22° 16' 10", I. E. 
+ 2' 20", Height of Eye 16 feet. Required the Latitude by 
Reduction to the Meridian. 

Answer. M. T G. 2l8t 13^ 16™ 18»; M. T. S. 2l8t 
IV' 23™ 10»; R. A. Mer. 23»^ 26™ 62-9»; * H. A. 0»» 34™ 47*1 W; 
M. Z. D. 67° 6' 22''; « Tr. Alt. 22° 11' 16"; 1st Red. +29' 39" ; 
2nd Red. -3" ; Lat. 37° 9' 46" N. 
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10. 1898, Oct. 25th, in Lat. D. R. 45« 28' S, Long. 53° 48' W, 
when the Time by a Chronometer was on the 25th 11^ 42™ 18% 
whose error on M. T. G. was slow 3™ 9*, Obs. Alt. JL was 
42« 44' 30" (bearing North), I. B. + 3' 40", Height of Eye 22 feet. 
Required the Latitude by Reduction to the Meridian. 

Answer. M. T. G. 25th 11^ 45" 27» ; M. T. S. 25th 
Qh iQm i5» ; R. A. Mer. 22^ 27™ 45-82» ; D S.-D. 16' 136" ; 

]) H. P. 57' 55-98" ; D R. A. 23»» 12™ 4413- ; ]) Dec. 0*» 0' 07" N ; 

}) H. A. Oh 44™ 58-31« (E) ; M. Z. D. 45** 28' 0" ; }) Tr. Alt. 
43** 40' 46"; 1st Red. +1° 4' 65''; 2nd Red. -36"; Lat. 
45° 14' 54" S. 

11. 1898, November 19th, in Lat. D. R. 52° 30' N, Long. 
154° 14' E, when the Time by a Chronometer was on the 18th 
6** 10™ 12«, whose error on M. T. G. was fast 2™ 38», Obs. 
Alt. Mars L. L. was 58° 18' 20" (bearing South), I. E. -1' 32", 
Height of Eye 29 feet. Required the Latitude by Reduction to 
the Meridian. 

Answer, M. T. G. 18th 6^ 7™ 34» ; M. T. S. 18th 16*' 24™ 30» ; 
R. A. M. 15'^ 51™ 12-64« ; * R. A. 8^ 35™ 40-45' ; « Deo. 
20° 47' 15-4" N ; R. A. Mer. 8»» 15™ 42-64» ; * H.A. 
0° 19' 58" (E) ; M. Z. D. 31° 42' 45" ; ^ Ir. Alb. 58° 11' 7" ; 
1st Red. +14' 7" ; 2nd Red. -3" ; Lat. 52° 22' 4" N. 

12. 1898, Dec. 18th, a.m. at ship, in Lat. D. R. 60° 22' N 
Long. 64° 8' E, when the Time by a Chronometer was on the 
17th 9** 28™ 10*, whose error on M. T. G. was fast 1™ 30«, 
Obs. Alt. of Vega near the Meridian under the North Pole was 
9° 39' 0", I. E. +2' 0", Height of Eye 17 feet. Required the 
Latitude by Reduction to the Meridian. 

Answer. M. T. G. 17th 9^ 26™ 40«; M. T. S. 17th 
13h 43™ 12« ; R. A. M. 17'^ 46™ 5"53« ; R. A. Mer. V' 29™ 17-53» ; 
« H. A. 12h 55™ 47-55'' ; M. Z. D. 80° 56' 34" ; * Tr. Alt. 
9° 31' 31" ; 1st Red. -0° 39' 37" ; 2nd Red. + 3" ; Lat. 
60° 10' 25" N. 

Taking into consideration Planets' Semi-Diavieters, working 
to Second Differences and more tJian one decimal place are all 
useless in actual tvork ; but in exercises it is as well to make 
tise of them. No one can observe with a sextant to such accurax^y 
as to distinguish the Upper or Lower Limbf or the near or far 
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Limb of a Planet ; but the Senii-Diameter of a Planet may 
amount to 30", and should always be applied in correcting the 
Distance in a Lunar, as it may make difference enotigh to throw 
your answer outside the limits allowed by the Board of Trade 
Examiners, as may also possibly happen through neglecting 
Second Differences. 



Sumner Problems 

1. 1898, January 10th, a.m. at Ship, at sea and uncertain of 
my position, when a Chronometer (corrected) indicated M. T. G. 
on the 9th 22^ 16" 48", Obs. Alt. ^ 5° 37' id" ; and again p.m. 
the same day, when the same Chronometer (corrected) indicated 
M. T. G. on the 10th 2^ 44°^ 8», Obs. Alt. i 14° 45' 33" ; Height 
of Eye at each Observation 28 feet, and I. E. —1' 26" ; the 
Ship made 28 miles on a True S 22° W Course during the 
interval between the Observations. Required the Line of Posi- 
tion when the 1st Altitude was observed, and the True Bearing 
of the Sun and the position of the Ship when the 2nd Altitude 
was observed by Sumner's method by projection on the Chart, 
assuming Latitudes 51° 40' and 51° 10' N. 

Answer, At 1st Observation : © Dec. 21° 55' 30" S ; E. T. 
7» 49-8« + to A. T. ; Tr. Alt. 5° 38' 13"; A. T. S. (using Lat. 
51° 40') 9th 20»^ 51™ a8», (using Lat. 51° lOO 9th, 20»> 47°' 56- 
2nd Observation : Dec. 21° 53' 47" S ; E. T. 7™ 64-3» + to 
A. T. ; Tr. Alt. 14° 51' 49" ; A. T. S. (using Lat. 51° 4O0 10th 
Ih gm 44-58^ (using Lat. 51° 10') 10th l** 19™ 40-. 

Positions of — 

. j61°40'0"N T.j61°10' 0"N p]51°40' 0" N nj51°10' 0"N 
-^ 1 19*» 10' 0" W "120° 0'46"W ^121° 37' 22" W ^tl9° 8'80"W 

True Position of Ship at time ( Lat. 51** 13' 30" N 
of 2nd Observation . . \ Long. 19** 27' 30" W 
Line of Position at time of 1st Observation N 47° E and 
S 47° W. 

Sun's True Azimuth at time of 2nd Observation S 18° W. 

2. 1898, February 16th, a.m. at Ship, at sea and uncertain 
of my position, when a Chronometer (corrected) indicated M. T. G. 
on the 16th 2^ 54™ 32», Obs. Alt. Q was 21° 53' 21" ; and agam 
A.M. the same day, when the same Chronometer (corrected) in- 
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dicated M. T. G. on the 16th 6^* 34™ 8«, Obs. Alt. Q was 
51** 29' 29" ; Height of Eye at each Observation was 26 feet, 
and the I. E. + 1' 15" ; the Ship made 34 miles on 
a True N 62° E Course in the interval between the Observa- 
tions. Required the Line of Position when the 1st Altitude 
was observed, and the True Bearing of the Sun and the 
place of the Ship when the 2nd Altitude was observed by 
Sumner's method by projection on the Chart, assuming Lati- 
tudes 49° and 48° 20' S. 

Answer. At Ist Observation : © Dec. 12° 10' 28" S ; E. T. 
14m i6t + to A. T. ; Tr. Alt. 22° 3' 42" ; A. T. S. (using Lat. 
49°) 15th 19^ 18°^ 54», (using Lat. 48° 20') 15th 19^ 18» 25-6-. 
At 2nd Observation : Dec. 12° 7' 20" S ; E. T. 14«« 14- -h to 
A. T. ; Tr. Alt. 51° 41' 22" ; A. T. S. (using Lat. 49°) 15th 
23^ 9" 65», (using Lat. 48° 20') 15th 22'* 59™ 57\ 
Positions of — 

. f 49° 0' 0"S T>j 48°20' 0" S pj 49° 0' 0" S j. , 48°20' 0" S 
^1110° 20' 46" W "1llO°27'5r'W ^ 1 107° 29' 46" W ^ ( 109° 69' 16" W 

True Position of Ship at time J Lat. 48° 25' 0" S 
. of 2nd Observation . . I Long. 109° 39' 30" W 

Line of Position at time of 1st Observation N 6^° W and 
S 6i° E. 

True Bearing of the Sun at time of 2nd Observation 
N 22° E. 

3. 1898, March 19th, p.m. at Ship, at sea and uncertain of my 
position, when a Chronometer (corrected) indicated M. T. G. 
on the 19th, 13»» 19" 47-5», Obs. Alt. was 37° 9' 47" ; and 
again p.m. at Ship, when the same Chronometer (corrected) 
indicated M. T. G. on the 19th 17*^ 1™ 11% Obs. Alt. _ was 
10° 43' 30" ; Height of Eye at each Observation was 
22 feet, and the I. E. —1' 25"; the Ship made 24 miles 
on a True S 73° W Course in the interval between the Observa- 
tions. Required the Line of Position when the 1st Altitude 
was observed, and the True Bearing of the Sun and the place of 
the Ship when the 2nd Altitude was observed by Sumner's 
method by projection on the Chart, assuming Latitudes 49° 40' 
and 50° 10' N. 

ATiswer, At 1st Observation : Dec. 0° 12' 37" S ; E. T. 
?° 39-5» + to A. T. ; Tr. Alt. 37° 18' 42" ; A. T. S. (using 
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Lat. 49° 40') 19th !»» 19«» 13-, (using Lat. 50° 10') 19th 
Ih 12m 16.. At 2nd Observation : 0Dec. 0° 8' 58" S ; B.T. 7™ 36-7» 
+ to A. T. ; G) Tr. Alt. 10° 48' 48" ; A. T. S. (using Lat. 49° 40') 
19th 4h 51'» 52», (using Lat. 50° 10') 19th 4'» 51°^ 7-5». 

Positions of — 
. j 49° 40' 0"N ^( 60°10'0"N ^ r 49° 40' 0"N j. t 50° 10' 0" 
^ 1178° 13' 47" W ^U79°58'0"W '^ 1 179° 34' 27" E ^1l79°23'24"E 

True Position of Ship at time ( Lat. 50° 3' 30" N 
of 2nd Observation . . ( Long. 179° 26' 0" E 
Line of Position at time of 1st Observation N 66° W and 
S 66° E. 

True Bearing of the Sun at time of 2nd Observation 
S 77° W. 

4. 1898, April 26th, a.m. at Ship, at sea and uncertain of my 
position, when a Chronometer (corrected) indicated M. T. G. on 
the 25th 22^ 12«» 32», Obs. Alt. was 20° 38' 26" ; and 
again p.m. at Ship, when the same Chronometer (corrected) indi- 
cated on the 26th 4^ 15'« 225*, Obs. Alt. 1. was 4° 14' 25" ; 
Height of Eye at each Observation was 34 feet, and the 
I. E. -4' 10"; the Ship made 29 miles on a True N 49° E 
Course', in the interval between the Observations. Required 
the Line of Position when the 1st Altitude was observed, and 
the True Bearing of the Sun and the place of the Ship when the 
2nd Altitude was observed by Sumner's method by projection 
on the Chart, assuming Latitudes 51° 30' and 52° S. 

Answer, At 1st Observation : Dec. 13° 35' 20" N ; E. T. 
2^ 18» - A. T. ; © Tr. Alt. 20° 42' 5" ; A. T. S. (using Lat. 61° 30 ) 
25th 22»» 10" 32», (using Lat. 52°) 25th 22^ 16™ 40-5». 
At 2nd Observation : Dec. 13° 40' 11" N ; E. T. 2™ 20'5» 
-A. T. ; Tr. Alt. 4° 8' 41" ; A. T. S. (using Lat. 51° 30') 26th 
4h 19m 20», (using Lat. 52°) 26th 4»» 17™ 35-5». 

Positions of 
.]51°30' 0"S p,62° 0' 0"8 pi61°30' 0" S njS2°0' 0" S 
^l 1° 4'28"W ^\ 0°27'37"E ^t 0° 24' 16" E ^1 0° 1' 62" W 

True Position of Ship at time j Lat. 51° 29' 0" S 
of 2nd Observation . . | Long. 0° 25' 0" E 
Line of Position at time of 1st Observation N 62° W and 
S 62° E. 

True Bearing of the Sun at time of 2nd Observation 
N 61° W. 
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5. 1898, May Ist, a. m. at Ship, at sea and uncertain of my 
position, when a Chronometer (corrected) indicated on the 30th 
gh lom io-5«, Obs. Alt. jj was 12° 52' 30" ; and again a.m at 
Ship, when the same Chronometer (corrected) indicated on the 
30th lOh 65^ 32-, Obs. Alt. ^ wa^ 54° 44' 50" ; Height of 
Eye at each Observation wa^ 16 feet, and the I. E. + 2' 30" ; the 
Ship made 36 miles on a True N 82° E Course in the interval 
between the Observations. Required the Line of Position when 
the 1st Altitude was observed, and the True Bearing of the 
Sun and the place of the Ship when the 2nd Altitude was 
observed by Sumner's method by projection on the Chart, as- 
suming Latitudes 47° 30' and 48° N. 

Answer. Ist Observation : Dec. 14° 56' 39" N ; E. T. 

2» 56-5» - A. T. ; Tr. Alt. 13° 3' 6" ; A. T. S. (using Lat. 

47° 30^) 30th 18h 12™ 32-5», (using Lat. 48°) 30th 18»^ 12™ 7-5-. 

2nd Observation : Dec. 15° 0' 16" N ; E. T. 2™ 58* - A. T. ; 

O Tr. Alt. 54° 58' 44"; A. T. S. (using Lat. 47° 30^) 30th 

22h 57™ 1», (using Lat. 48°) 30th 23'* 3™ 10-. 

Positions of 

./ 47^30' 0"N pf 48" 0'0"Np , 47° 30' 0" N y. j 48° 0' 0" N 
^ 1 179° 61' 22" E ^ '< 178*' 45' 9" E ^ 1 179° 37' 39" B ^ 1 178° 60' 0" W 

True Position of Ship at time ( Lat. 47** 51' N 
of 2nd Observation . . "(Long. 179° 19' W 

Line of Position at time of Ist Observation N 7^° W and 
S 7i^ E. 

True Bearing of the Sun at time of 2nd Observation 
8 26° E. 

6. 1898, June 20th p.m. at Ship, at sea, and uncertain of my 
position, when a Chronometer (corrected) indicated M. T. G. on 
the 19th 13h 38™ 12*, the Obs. Alt. Q was 59° 34' 14" ; and 
again PiM. at Ship, when the same Chronometer (corrected) in- 
dicated M. T. G. on the 19th 19'» 9™ 0«, the Obs. Alt. was 
10° 3' 50"; Height of Eye at each Observation 21 feet, 
I. E. + 1' 20" ; the Ship made 25 miles on a S 37° W Course 
(True) in the interval between the Observations. Eequired the 
Line of Position when the 1st Altitude was taken, and the 
True Bearing of the Sun and the place of the Ship when the 
2nd Altitude was observed, by Sumner's method by projection 
on the Chart, assuming Latitudes 49° and 49° 30' N. 
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Answer. 1st Observation : Dec. 23° 26' 48" N ; B T. 
1°» 12« + to A. T. ; Tr. Alt. 59*» 46' 22" ; A. T. S. (using Lat. 49*>) 
20th 1»» 22" 2-, (using Lat. 49° 30') 20th !»> 18» 12». 2nd Obser- 
vation : Dec. 23° 26' 65" N ; E. T. 1" 15- + to A. T. ; 
Tr. Alt. 10° 11' 28" ; A. T. S. (using Lat. 49°) 20th 6»» 47» 19»; 
(using Lat. 49° 30') 20th 6^ 48™ 42«. 

Positions of 

. f 49° 0' 0"N pj 49°30'0"N «/ 49° 0' 0"N j^t 49° 30' 0" N 
^ 1 176° 15' 30" E ^ 1 175° 18' 0" E ^1 174° 63' 30" E ^ 1 176° 14' 15" E 

True Position of Ship at time J Lat. 49° 7' 40" N 
of 2nd Observation . . (Long. 174° 69' 0" E 

Line of Position at time of 1st Observation N 61° W and 
S 61° E. 

True Bearing of the Sun at time of 2nd Observation 
N 65i° W. 

Latitude by Altitude of Pole Star 

1. 1898, January 4th, in Long. 29° 14' W, at 2«> 10°^ a.m. 
M. T. S., the Obs. Alt. of Polaris was 47° 28' 20", I. E. - 2' 10", 
Height of Eye 19 feet. Required the Latitude. 

Answer. Sidereal Time 18^ 65™ 9-9« ; Ist Corr. + 8' 23" ; 
2nd f 61" ; 3rd + 1' 10" ; Latitude 47° 30' 26" N. 

2. 1898, March 10th, in Long. 162° 14' E, at 9^ 20" p.m. 
A. T. S., the Obs. Alt. of Polaris was 37° 49' 10", I. E. + 3' 6", 
Height of Eye 27 feet. Required the Latitude. 

Answer. Sidereal Time 8»> 42™ ,63-8 ; 1st Corr. + 25' 62" ; 
2nd + 31" ; 3rd + 68" ; Latitude 38° 12' 17" N. 

3. 1898, May 1st, in Long. 16° 44' E, when the M. T. G. by 
Chronometer was on April 30th 14»» 28™ 12«, the Obs. Alt. of 
Polaris was 33° 10' 60", I. E. - 1' 20", Height of Eye 23 feet. 
Required the Latitude. 

Answer. Sidereal Time 18»» 7™ 18'7« ; Ist Corr. + 23' 23" ; 
2nd + 28" ; 3rd + 1' 0" ; Latitude 33° 27' 11" N. 

4. 1898, July 9th, in Long. 148° 37' W, at 10^ 20™ p.m. 
M. T. S., the Obs. Alt. of Polaris was 66° 18' 60", I. E. + 0' 40", 
Height of Eye 12 feet. Required the Latitude. 

Answer. Sidereal Time 17** 33™ 6-5« ; 1st Corr. + 33' 33" ; 
2nd + 68" ; 3rd + 1' 21" ; Latitude 66° 60' 20" N. 
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5. 1898, September 20th, in Long. 77*» E, at 3.30 a.m. A. T. S., 
the Obs. Alt. of Polaris was IV 9' 20", I. E. - 1' 50", Height of 
Eye 16 feet. Required the Latitude. 

Answer. Sidereal Time 3^ 18" 62-8» ; 1st Corr. — r 4' 26" ; 
2nd + 2" ; 3rd + 43" ; Latitude 9° 54' 8" N. 

6. 1898, November 5th, in Long. 46*» 10' W, when M. T. G. by 
Chronometer was on November 5th 9^ 18™ 14», the Obs. Alt. of 
Polaris was 29^ 19' 30", I. E. + 2' 0", Height of Eye 20 feet. 
Required the Latitude. 

Answer. Sidereal Time 21^ 14™ 2-7« ; 1st Corr. — 35' 1" ; 
2nd + 20" ; 3rd + 1' 42" ; Latitude 28*» 41' 27" N. 



Latitude by Meridian Altitude of the Moon 

1. 1898, February 7th, in Long. IIO*' W, the Obs. Mer. Alt. 1. 
was 47° 22' 20", bearing North, I. E. — 1' 15", Height of Eye 
17 feet. Required the Latitude. 

Answer. M. T. G. 6th 19'* 56-4™; S. D. 15' 29"; H. P. 
56' 3"; Dec. 10° 46' 25" N; App. Alt. 47° 32' 32"; Tr. Alt. 
48° 9' 30" ; Latitude 31° 4' 5" S. 

2. 1898, April 13th, in Long, 175° E, the Obs. Mer. Alt. 1, 
was 66° 58' 40", bearing South, I. E. + 1' 25", Height of Eye 
21 feet. Required the Latitude. 

Answer. M. T. G. 12th 5^ 48-3™ ; S. D. 16' 27*7" ; H. P. 
59' 20" ; Dec. 23° 52' 35" S ; App. Alt. 67° 12' 4" ; Tr. Alt. 
67° 34' 40" ; Latitude 1° 27' 15" S. 

3. 1898, June 22nd, in Long. 17° W, the Obs. Mer. Alt. 1" 
was 64° 49' 10", bearing South, I. E. - 2' 15", Height of Eye 
25 feet. Required the Latitude. 

Answer. M. T. G. 22nd S^ 47*8™; S. D. 15' 38"; H. P. 
54' 19"; Dec. 16° 9' 558" N; App. Alt. 64° 26' 57"; Tr. Alt. 
64° 49' 56"; Latitude 41° 20' 0" N. 

4. 1898, August 25th, in Long. 47° W, the Obs. Mer. Alt. 1 
was 26° 33' 30", bearing South, I. E. + 3' 10", Height of Eye 
20 feet. Required the Latitude. 

Answer. M. T. G. 25th 9^ 518™; S. D. 16' 19*8"; H. P. 
59' 17-4" ; Dec. 25° 21' 34" S ; App. Alt. 26° 48' 36" ; Tr. Alt. 
27° 39' 38" ; Latitude 36° 58' 48" N. 
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5. 1898, October 28th, in Long. 146*» W, the Obs. Mer. Alt. 
J was 71° 14' 20", bearing South, I. E. — 4' 26", Height of Eye 
28 feet. Kequired the Latitude. 

Answer, M. T. G. 28th 21»* 11-6™ ; S. D. 15' 38" ; H. P. 
56' 19-3" ; Dec. 17^ 21' 383" N ; App. Alt. 70** 49' 6'" ; Tr. Alt. 
71° 7' 17" ; Latitude 36° 14' 21" N. 

6. 1898, December 25th, in Long. 81° E, the Obs. Mer. Alt. JL 
was 66° 18' 40", bearing North, I. E. 4- 2' 45", Height of Eye 14 
feet. Required the Latitude. 

Aimver. M. T. G. 25th 4*» 46-3«» ; S. D. 15' 81" ; H. P. 
54' 39-5" ; Dec. 24° 23' 60" N ; App. Alt. 66° 32' 53" ; Tr. Alt. 
66° 56' 5" ; Latitude 0° 18' 65" N. 

Lunars 

1. 1898, January 16th, at about S^ 10" a.m., in Lat. 39° 20' S, 
Long. D. R. 90° 60' E, when a Chronometer showed 2»» ll"* IS*, 
whose Error on M. T. G. was supposed to be 5" slow, the Obs. 
Alt. '1 was 37° 65' 50", I. E. nil. Height of Eye 14 feet ; 

and the Obs. Dist. d N. L. was 97° 14' 0", I. E. -1' 16". 

Required the Error of the Chronometer and the Longitude. 

Amwer. M. T. G. by Chron. 14th, 14^ 16™ 15»; Dec. 
21° 8' 32-3" S ; E. T. 9" 36-49- + to A. T. ; R. A. M. 0; 
19h38»"13-89-; }) S.-D. 16' 148" ; 3) H. P. 67' 5837" ; j) R.A. 
12h 57^ 4818- : }) Dec. 11° 60' 69" S ; Tr. Alt. 38° 7' 19" ; 
i Sum 73° 9' 23" ; M. T. S. 14th 20*» 20'» O^" ; }) H. A. 
3h 0" 26» ; }) Z. D. 48° 21' 46" ; D App. Alt. 40° 56' 33" ; z: A 
60° 20' 59" ; App. Dist. 97° 45' 2" ; True Dist. 97° 5' 49" ; 
M. T. G. 14th, 14»» 16« 24" ; Long. 90° 54' 7" E ; Error of 
Chronometer, slow 6™ 9* on M. T. G. 

2. 1898, February 6th, at about 0^ 46" a.m., in Lat. 46° 26' N, 
and Long. D. R. 45° 36' W, when a Chronometer showed 
3^ 28" 30*, whose Error on M. T. G. was supposed to be slow 
22", the Obs. Alt. of Jupiter's L. L. (East of Mer.) was 
29° 38' 16", and the Obs. Dist. Jupiter and d N. L. was 
69° 26' 46", I. E. nil. Height of Eye 25 feet. Required the 
Error of the Chronometer and the Longitude. 

Answer. M. T. G. by Chron. 5th, 15»» 50" 30- ; * R. A. 
12^ 39" 12-19» ; * Dec. 2° 37' 12" S ; R. A. M. 21^ 5" 13-63'; 
]) S.-D. 15' 2118" ; }^ H. P. 55' 23-93" ; ]) R. A. 8^ 60" 7-29-; 
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^ Dec. 16*^ 26' 34'' N ; ^ Tr. Alt. 29° 31' 56" ; i Sum 83*> 47' 34" ; 
« H. A. 21h 14"^ 13-5- ; M. T. S. 6th, 12^ 48" 121« ; ]) H. A. 
lh3'»18-4-; }) Z.D.3P52'36"; }) App. Alt. 67° 38' 21" ; zA 
60° 26' 68" ; App. Dist. 69° 42' 26" ; True Dist. 69° 39' 41-6" ; 
M. T. G. 6th, 16h 60" 13»; Long. 46° 30' 16" W; Error of 
Chronometer, slow 21°^ 43« on M. T. G. 

3. 1898, March 12th, in Lat. 61° 6' N, Long. D. E. 2° 25' B, 
when the Time by a Chronometer was on the 11th 16^ 0™ 0", 
whose Error on M. T. G. was supposed to be slow 24", the Obs. 
Alt. of Regulus (West of Mer.) was 15° 2' 20", I. E. nil, Height 

of Eye 28 feet, and the Obs. Dist. ^ }) F. L. was 72° 9' 0", 

I. B. +1' 6". Required the Longitude and the Error of the 
Chronometer. 

Answer, M. T. G. by Chron. 11th, 16»^ 0"» 24« ; * R. A. 
lOh 2" 69-3« ; ^ Dec. 12° 27' 43-4" N ; R. A. M. 23° 19' 1809" 

}) S.-D. 16' 1119" ; }) H. P. 58' 62" ; }) R. A. 14^ 24»° 2-37» ; 

}) Dec. 19° 30' 23-4" S; * Tr. Alt. 14° 53' 32"; ^ Sum 
71° 46' 24" ; * H. A. 6*^ 26™ 35-5«; M. T. S. 11th, 16»» 10™ 16-7» : 

D H. A. P 6™ 32-4» ; }) Z. D. 72° 2' 39-6" ; J) App. Alt. 
17° 4' 7-5" ; z A 60° 9' 7" ; App. Dist. 71° 53' 55" ; True Dist- 
71° 45' 10" ; M. T. G. 11th, 16*^ 0™ 14- ; Long. 2° 30' 40" E ; 
Error of Chron. slow 14» on M. T. G. 

4. 1898, April 17th, at about 2^ 15™ p.m., in Lat. 28° 20' N, 
Long. D. R. 126° 2' W, when a Chronometer showed 10*» 36™ 2», 
whose Error on M. T. G. was supposed to be slow 1™ 45*, the 
Obs. Alt. T was 19° 0' 10" (West of Mer.), I. E. nil. Height of 

Eye 17 feet, and the Obs. Dist. }) N. L. was 36° 0' 34", 

I. E. nil. Required the Longitude and the Error of the 
Chronometer. 

Answer, M. T. G. by Chron. 17th, 10^ 37™ 47«; Dec. 
10° 44' 15-4" N ; E. T. 0™ 36'88» + to M. T. ; R. A. M. 
Ih 44m 17.59. . 2) s.-D. 15' 36-46" ; J) H. P. 56' 49-76" ; D R. A. 
23** 25™ 21-75'; D Dec. 1° 0' 57" N ; }) App. Alt. 18° 40' 30" ; 
}) Tr. Alt. 19° 31' 33" ; i Sum 68° 26' 18" ; J) H. A. 4^ 33™ 4- ; 
M. T. S. 17th, 2h 14™ 8«; A. T. S. 17th, 2^ 14™ 44-9«; Z. D. 
36° 6' 67" ; © App. Alt. 53° 64' 40" ; z. A, 60° 9' 41" ; App. Dist. 
36° 32' 7" ; True Dist. 36° 41' 42" ; M. T. G. 17th,10h 38™ 22" ; 
Long. 126° 3' 30" W ; Error of Chronometer on M. T. G. slow 
2™ 20". 
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5. 1898, May 31st, at about 7^ 30«» p.m., in Lat. 24** 16' N 
and Long. D. R. 51® 12' E, when a Chronometer showed 4*» 7™ 6*, 
whose Error on M. T. G. was supposed to be fast 46*, the Obs. 
Alt. of Venus's L. L. (West of Mer.) was 14® 23' 40", I. E. nil. 

Height of Eye 21 feet, the Obs. Dist. Venus i N. L. was 

99® 59' 9", I. E. nil. Required the Longitude and the Error of 
Chron. on M. T. G. 

Answer. M. T. G. by Chron. 31st, 4»» 6" 20-; ^ Dec. 
24° 43' 21" N ; * R. A, 6»* 28" 44-54« ; R. A. M. 4^ 36™ 41-73* 
D S.-D. 16' 13" ; J H. P. 58' 32-5" ; J R. A. 12»» 52"> 13« ; 
D Dec. 11° 13' 18" S ; * Tr. Alt. 14® 15' 43" ; \ Sum 51® 54' 11" ; 
« H. A. 6^ 39'" 21-5»; M. T. S. 31st 7'» 31» 24-3»; J H. A. 
23>»15™53»; }) Z. D. 37®5' 14"; }) App. Alt. 52® 19' 44" ; z. A 
60® 25' 44" ; App. Dist. 100® 15' 28" ; True Dist. 99® 55' 58" ; 
M. T. G. 31st 4>» 6» 6» ; Long. 51® 20' 35" E ; Error of Chron. 
on M. T. G. fast 1™ 4». 

6. 1898, June 23rd, in Lat. 42® 10' S, Long. D. R. 
142® 38" W, when the Time by a Chronometer was on the 23rd 
17h Qm 48^ whose Error on M. T. G. was supposed to be slow 
2°^ 10», the Obs. Alt. JL was 16® 19' 10" (West of Mer.), I. E. nil, 

Height of Eye 26 feet, and the Obs. Dist. Spica ]) F. L. was 

55® 38' 55", I. E. nil. Required the Longitude, and the Error of 
the Chron. on M. T. G. 

Aimver,—}!. T. G. by Chron. 23rd 17^ 2" 14"; * R. A. 
13»» 19" 52« ; « Dec. 10® 38' 4" S ; R. A. M. 6^ 9" 3004« ; 

J S.^D. 15' 5" ; }) H. P. 54' 5569" ; }) R. A. 9'» 54"> 49-56» ; 

}) Dec. 9® 4' 56" N ; ]) App. Alt. 16® 29' 15" ; }) Tr. Alt. 
17® 18' 45"; i Sum 79® 16' 50" ; }) H. A. 3^ 46™ 9-5»; M. T. S. 23rd 
7^* 31™ 291« ; * H. A. 0*^ 21™ 7*^1'' \ ^ Z,D, 31® 52' 9" ; « App. 
Alt. 58® 8' 26" ; ^ A 60® 8' 7" ; App. Dist. 55® 23' 50" ; True 
Dist. 54® 40' 28" ; M. T. G. 23rd 17^ 2™ 25» ; Long. 142® 44' W ; 
Error of Chronometer on M. T. G. slow 2™ 21». 

7. 1898, July 16th, at about 1»» 22™ a.m., in Lat. 76® 22' N, 
Long. D. R. 150® 54' E, when a Chronometer showed 3^ 19™ 40«, 
whose Error on M. T. G. was supposed to be 1™ fast, the Obs. 
Alt. JL (East of Mer.) was 16® 36' 20", L E. +1' 10", Height of 

Eye 18 feet, the Obs. Dist. J) N. L. was 34® 0' 4", L E. 

—40". Required the Longitude and the Error of the Chrono- 
meter on M. T. G. 
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Anstcer, M. T. G. by Chron. 15th 3^ 18' 40" ; Dec. 
21^ 28' 23-7" N ; E. T. 5™ 43-2« + to A. T. ; R. A. M. 
7^ 33™ 59»; }) S.-D. 14' 49"; }) H. P. 53' 525"; J R. A. 
5h gm i-G* ; }) Dec. 25*^ 32' 91" N ; J> App. Alt. 16** 48' 8" ; J 
Tr. Alt. 17° 36' 33" ; i Sum 79° 13' 12" ; }) H. A. 15^ 47» 16» ; 
M. T. S. 15th 13^ 22™ 18'6« ; Z. D. 81° 30' 51" ; App. Alt. 
8° 35' 11" ; /. A 60° 8' 5" ; App. Dist. 34° 29' 59" ; Tr. Dist. 
34° 40' 11" ; M. T. G. 15th 3>» 18" 25» ; Long. 150° 58' 24" E ; 
Error of Chronometer on M. T. G. fast 1™ 15». 

8. 1898, August 29th, in Lat. 48° 12' S; Long. D. R. 
45° 12' W, when the Time by a Chronometer was on the 29th 
12*» 58°* 10", whose Error on M. T. G. was supposed to be slow 
1™ 20», the Obs. Alt. Saturn's L. L.(West of Mer.) was 32° 18' 40", 
I. E. —3' 20", Height of Eye 20 feet, and the Obs. Dist. 

* (I N. L. was 70° 17' 49", I. E. -f 1' 10". Required the 

Longitude and the Error of Chronometer on M. T. G. 

Ajiswer. M. T. G. by Chron. 29th 12»» 59™ 30» ; * R. A. 
16h 17™ 36'7» ; * Dec. 19° 42' 7-3" S ; R. A. M. 010^ 32™ 59-44« ; 
}) S.-D. 16' 35" ; ]) H. P. 60' 1" ; ]) R. A. 21^ 12™ 13-31» ; 
C Dec. 13° 30' 29-1" S ; * Tr. Alt. 32° 9' 33" ; i Sum 75° 19' 43" 
* H. A. 4'* 13™ 36'5« ; M. T. S. 29th 9^ 58™ 13*8 ; }) H. A. 
23»» 18™ 59-9 ; ]) Z. D. 35° 43' 11" ; ]) App. Alt. 53° 41' 59" ; 
Z. A 60° 26' 51" ; App. Dist. 70° 35' 43" ; True Dist. 70° 20' 27" ; 
M. T. G. 29th 12h 59™ 19« ; Long. 45° 16' 15" W ; Error of 
Chronometer on M. T. G. slow 1™ 9^ 

9. 1898, September 4th, in Lat. 25° 16' N, Long. D. R. 
141° 30' W, when the Time by a Chronometer was on the 4th 
19'» 58™ 50*, whose Error on M. T. G. was supposed to be fast 
4™ 34», the Obs. Alt. > was 18° 6' 40" (East of Mer.) I. E. 
— 1' 50", Height of Eye 14 feet, and the Obs. Dist. a Aquilae 
]) F. L. was 100° 0' 3", I. E. - 3' 40". Required the Longi- 
tude and the Error of the Chronometer on M. T. G. 

Answer. M. T. G. by Chron. 4th 19** 54™ 16»; « R. A. 
19»» 45™ 52-2» ; « Dec. 8° 36' 12" N ; R. A. M. 10^ 57™ 46-89« ; 
3) S.-D. 15' 21" ; }) H. P. 55' 54" ; }) R. A. 2^ 37™ 3-43» ; 
3) Dec. 20° 7' 49*8" N ; }) App. Alt. 18° 16' 30" ; }) Tr. Alt. 
19° 6' 41" ; i Sum 57° 7' 25" ; }) H. A. 18»» 49™ 6« ; M. T. 8. 
4th 10»» 28™ 22« ; * Z. D. 29° 6' 6" ; « App. Alt. 60° 54.' 26" ; 
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L A. 60** 9' 13" ; App. Dist. 99*> 41' 2" ; True Dist. 98** 51' 52' ; 
M. T. G. 4th W 54™ 5» ; Long. 141*> 25' 30" W ; Error of 
Chronometer on M. T. G. fast 4°» 45». 

10. 1898, October 20th, at about l** 20"* p.m., in Lat. 
51° 40' S, Long D. R. 45° 20' W, when a Chronometer showed 
4h 20" 20*, whose Error on M. T. G. was supposed to be slow 
10», the Obs. Alt. T (East of Mer.) was 44° 46' 0", I. E. 

+ 1' 25", Height of Eye 17 feet, and the Obs. Dist. <L N. L. 

was 67° 35' 0", I. E. — 1' 16". Required the Longitude and 
the Error of Chronometer on M. T. G. 

Answer, M. T. G. by Chron. 20th 4»» 20°> 30" ; Dec. 
10° 31' 19-4" S ; E. T. 15"^ 11-34- + to M. T. ; R. A. M. © 
IS'^ 56^ 34-95» ; 5 S.-D. 16' 25" ; J H. P. 59' 1745" ; D R. A. 
18^ 21» 43-94» ; }) Dec. 23° 56' 35-3" S ; }) App. Alt. 44° 26' 56" ; 
}) Tr. Alt. 45° 8' 19" ; i Sum 81° 25' 52" ; ]) H. A. S^ 5» 51* : 
M. T. S. 20th Ih 19™ 18* ; A. T. S. 20th 1^ 34™ 29» ; Z. D. 
45° 24' 57" ; App. Alt. 44° 35' 56" ; ^ A 60° 23' 3" ; App. Dist. 
68° 6' 15" ; True Dist. 67° 39' 31" ; M. T. G. 20th 4^ 20™ 40» ; 
Long. 45° 20' 30" W ; Error of Chronometer on M. T. G. 
slow 20". 

11. 1898, November 25th, at about 2^ 20™ a.m., in Lat. 34°19' 
N, Long. D. R. 154° 22' E, when a Chronometer showed 4»» 0™ 10» 
whose Error on M. T. G. was supposed to be 1™ 15® slow, the 
Obs. Alt. JL (West of Mer.) was 14° 14' 40", I. E. - 1' 40", 

Height of Eye 20 feet, the Obs. Dist. of Mars d N. L. 

was 106° 0' 55", I. E. — 1' 18". Required the Longitude, and 
the Error of the Chronometer on M. T. G. 

Answer. M. T. G. by Chron. 24th 4'^ 1™ 25»; * R. A. 
Qh 4im 5.48» ; « Dec. 20° 41' 44" N ; R, A. M. 16»* 14™ 31-24» ; 
}) S.-D. 15' 29" ; J) H. P. 56' 2668" ; }) R. A. P 11™ 51-98" ; 
J Dec. 13° 5' 31" N; J) App. Alt. 14° 24' 6"; }) Tr. Alt. 
15° 15' 8"; i Sum 63° 14' 18"; D H. A. 5^ 21™ 15»; 
M. T. S. 24th 14h 18™ 35» ; * H. A. 2»» 8™ l-5« (E) ; * Z. D. 
31° 18' 14" ; ^ App. Alt. 58° 42' 17" ; /. A 60° 7' 17" ; App. 
Dist. 106° 15' 11" ; True Dist. 105° 24' 58" ; M. T. G. 24th 
4h im 2« ; Long. 154° 23' 15" E ; Error of Chronometer on 
M. T. G. slow 52». 
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12. 1898, December 2nd, in Lat. 28^ 14' N, Long. D. R. 
161° 25' E, when the Time by a Chronometer was on the let 
2h 12™ 40*, whose Error on M. T. G. was supposed to be slow 
2™ 20-, the Obs. Alt. of a Arietis (West of Mer.) was 40° 31' 0", 

I. E. — 1' 10", Height of Eye 30 feet, the Obs. Dist. * ]) RL. 

was 71° 33' 68", I. E. — 1' 30". Required the Longitude and 
the Error of the Chronometer on M. T. G. 

Answer, M. T. G. by Chron. 1st 2^ 16~ 0» ; * R. A. 
2h 1^ 30-5» ; ^ Dec. 22° 59' 18" N ; R. A. M. 16^ 41» 49-67« ; 
}) S.-D. 14' 59"; J) H. P. 54' 3"; }) R. A. 7^ 12™ 28^, 
J) Dec. 21° 39' 56" N ; ^ App. Alt. 40° 24' 28" ; « Tr. Alt. 
40° 23' 21"; ^ Sum 67° 49' 1"; * H. A. S^ 40^ 41«; 
M. T. S. 1st 13h 0" 21-8- ; D H. A. 1^ 30™ 16-5» (E) ; J) Z. D 
21° 27' 0" ; }) App. Alt. 68° 13' 21" ; ^ A 60° 27' 51-6" ; App. 
Dist. 71° 17' 29"; True Dist. 70° 59' 1"; M. T. G. 1st 
2h 15™ 12'5» ; Error of Chronometer on M. T. G. slow 2™ 32-5'. 



Double Altitudes 

1. 1898, January 5th, in Lat. D. R. 49° 10' N, the following 
Observations were taken to determine the Latitude by Double 
Altitude : 
Time at Ship M. T. G. by Chron. Obs. Alt. O True Bearing 

A.M. 4th 22h 15™ 13« 9° 40' 40" S 37° E 

P.M. 5th 2^ 25™ 49o« 15° 31' 40" 

1. E. nil ; Height of Eye 20 feet ; Run of Ship between the 
Observations S 66° W 20'. Required the Latitude at time of 
P.M. Observation. 

Answer, Apparent Interval 4*^ 10™ 32" ; 1st Obs. Dec. 
22° 35' 26-4" S; E. T. 5™ 42-99« - from M. T., Tr. Alt. 
9° 47' 24", Z. D. corrected for run 80° 17' 6" ; 2nd Obs. ©Dec. 
22° 34' 14-1" S ; E. T. 5™ 47-64» - from M. T., Tr. Alt. 
15° 40' 22", Z. D. 74° 19' 38" ; x y or Arc. L 57° 21' 40" ; 
PXY or Arc. IL 103° 7' 54"; zxYor Arc. IIL 77° 32' 12"; 
p X z or Arc. IV. 25° 35' 42" ; and p z or Colatitude 
40° 53' 42" ; Latitude 49° 6' 18" N. 

2. 1898, February 24th, in Lat. D. R. 47° 45' S, the following 

z 2 
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Observations were taken to determine the Latitude by Double 

Altitude : 

Time at Ship M. T. G. by Chron. Obs. Alt. Q © True Bearing 

A.M. 23rd 10^ 29°^ 55« 17° 17' 40" N 85** E 

A.M. 23rd U^ 19" 57» 48° 41' 50" 

I. B. + 2' 20" ; Height of Eye 28 feet ; Run of Ship between 
the Observations N 72° W 42'. Required the Latitude at the 
time of the Second Observation. 

Answer, Apparent Interval 3^ 50™ 3" ; 1st Obs. Dec. 
9° 32' 47" S ; E. T. 13™ 27-19« - from M. T., Tr. x\lt. 
17° 28' 9", Z. D. corrected for run 73° 10' 33" ; 2nd Obs. 0Dec. 
9° 29^ 15" S, E. T. 13™ 25-76« - from M. T., Tr. Alt. 
48° 54' 27", Z. D. 41° 5' 33" ; x y or Arc. I. 56° 38' 56" ; p x y 
or Arc. II. 84° 52' 11" ; z x y or Arc. III. 41° 57' 50" ; p xz 
or Arc. IV. 42° 54' 21"; pz or Colat. 42° 19' 7"; Latitude 
47° 40' 53' S. 

3. 1898, March 20th, in Lat. D. R. 34° N, the following 
Observations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. G. by Chron. Obs. Alt. True Bearing 

P.M. 20th 2^ 14» 12» 51° 47' 34" S 29^° W 
P.M. 20th 6h 11«» 00- 11° 28' 20" 

I. E. —1' 40"; Height of Eye 21 feet; Run of the Ship 
between the Observations S 39° W 36'. Required the Latitude 
at the time of the Second Observation. 

Answer. Apparent Interval 3*» 56°^ 51* ; 1st Obs. © Dec. 
0° 0' 8-2" N ; E. T. 7™ 29-82« - from M. T., © Tr. Alt. 
51° 56' 50", Z. D. corrected for run 37° 27' 37" ; 2nd Obs. 
© Dec. 0° 4' 3" N ; B. T. 7°» 26-86« - from M. T., © Tr. Alt. 
11° 33' 53", Z. D. 78° 26' 7" ; x y or Arc. I. 59° 12' 45" ; 
PYX or Arc. IL 90° 2' 16"; zyx or Arc. IIL 34° 47' 39"; 
p Y z or Arc. IV. 55° 14' 37" ; p z or Colat. 56° 1' 50" ; Latitude 
33° 58' 10" N. 

4. 1898, April 10th, in Lat. D. R. 52° 20' N, the following 
Observations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. G. by Chron. Obs. Alt. Q O True Bearing 
A.M. 10th4h52»50» 7° 51' 30" N87°E 

A.M. 10th 9h lO"* 35- 41° 27' 50" 
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I. E. +2' 20"; Height of Eye 16 feet; Run of the Ship 
between the Observations, S 81® W 32'. Required the Latitude 
at the time of the Second Observation. 

Answer. Apparent Interval 4*> 17"* 48" ; Ist Obs. Dec. 
8® 8' 8" N ; E. T. 1™ 12-44» - from M. T., Tr. Alt. 7*^ 69' 38", 
Z. D. corrected or run 82® 32' 10" ; 2nd Obs. ©Dec. 8® 12' 6-4" N ; 
B. T. 1» 9-53» - from M. T., Tr. Alt. 41® 41' 18", Z. D. 
48® 18' 42" ; X Y or Arc. I. 63® 43' 7" ; p x y or Arc. II. 
84® 49' 44' ; z x y or Arc. III. 46° 53' 28" ; p x z or Arc. IV. 
37® 56' 16" ; pz or Colat. 37® 34' 46" ; Latitude 52® 25' 14" N. 

5. 1898, May 27th, in Lat. D. R. 29® 45' S, the following 
Observations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. O. by Chron. Obs. Alt. Q True Bearing 

A.M. 26th 14'* 39°^ 11» 20® 45' 50" N 48® E 
P.M. 26th 19»^ 30" 53« 33® 29' 44" 

I. E. —1' 25" ; Height of Eye 30 feet; Run of the Ship 
between the Observations, N 40® W 30'. Required the Latitude 
at the time of the Second Observation. 

Ansiver, Apparent Interval 4*» 51*" 40'6" ; Ist Obs. Dec. 
21® 17' 6-2" N ; E. T. 3™ 713» + to M. T., Tr. Alt. 
20® 52' 31", Z. D. corrected for run 69® 6' 17" ; 2nd Obs. 
Dec. 21® 19' 11" N ; E. T. 3™ 5-73» + to M. T., Tr. Alt, 
33° 37' 27", Z. D. 56° 22' 33" ; x y or Arc. L 67° 14' 10" ; 
PXY or Arc. IL 105° 3' 2"; zxYor Arc. IIL 61® 8' 44"; 
p x z or Arc. IV. 43® 54' 18" ; p z or Colat. 60® 9' 3" ; Latitude 
29® 50' 57" S. 

6. 1898, June 14th, in Lat. D. R. 47® N, the following Obser- 
vations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. O. by Chron. Obs. Alt. O True Bearing 

P.M. 14th 3»^ 14'^ 39" 59® 14' 1)" S 47^® W 
P.M. 14th 7»» 33» 22« 17® 56' 20" 

I. E. + 1' 20" ; Height of Eye 24 feet ; Run of the Ship 
between the Observations N 77® W 40'. Required the Latitude 
at the time of the Second Observation. 

Answer. Apparent Interval 4*» 18™ 40*8* ; 1st Obs. © Dec. 
23® 17' 40-68" N ; E. T. 0^ l-37» - from M. T., © Tr. Alt. 
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59° 25' 48", Z. D. corrected for run 30*=^ 11' 33" ; 2nd Obs. 
© Dec. 23** 18' 10*3" N ; E. T. 0™ 3-65' - from M. T., 
© Tr. Alt. 18° 5' 54", Z. D. 71° 54' 6" ; x y or Arc. 1. 58° 50' 45" ; 
p Y X or Arc. II. 75° 57' 0" ; z y x or Arc. III. 30° 7' 0" ; p y z 
or Arc. IV. 45° 50' 0" ; p z or Colat. 43° 1' 3" ; Latitude 
46° 58' 57" N. 

7. 1898, July 4th, in Lat. D. R. 41° 6' S, the following 
Observations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. G. by Chronometer Obs. Alt. ^ © True Bearing 
A.M. 3rd 14h 17'« 0» 21° 9' 10" N 26° E 

P.M. 3rd ig'^ 18°^ 58^ 11° 10' 50" 

I. E. —1' 30"; Height of Eye 22 feet; Run of the Ship 
between the Observations N 60° E 28'. Required the Latitude 
at the time of the Second Observation. 

A7iswer. Apparent Interval 5^ 1™ 55*8* ; 1st Obs. © Dec. 
22° 54' 111" N ; E. T. 4™ 415» - from M. T., © Tr. Alt. 
21° 16' 32", Z. D. corrected for run 68° 20' 16" ; 2nd Obs. 
© Dec. 22° 51' 6" N ; E. T. 4« 6-38« - from M. T., © Tr. Alt. 
11° 15' 59", Z. D. 78° 44' 1" ; x y or Arc I. 68° 39' 30" ; 
p Y X or Arc II. 106° 47' 0" ; z y x or Arc III. 70° 57' 30" ; p y z 
or Arc IV. 35° 49' 30"; pzor Colat. 48° 56' 10"; Latitude 
41° 3' 50" S. 

8. 1898, August 15th, in Lat. D. R. 15° 32' S, the following 
Observations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. G. by Chronometer Obs. Alt. "^ (J True Bearing 
A.M. 14th 23»» 10™ 22-8« 34° 7' 10" N61°E 

P.M. 15th 4»» 6™ 42-4» 50° 56' 27" 

I. E.— 1' 22" ; Height of Eye 14 feet ; Run of the Ship between 
the Observations S 60° W 36'. Required the Latitude at the 
time of the Second Observation. 

Answer, Apparent Interval 4*^ 56" 21*9"; 1st Obs. © Dec. 
13° 59' 24-7" N ; E. T. 4™ 16-73« - from M. T, © Tr. Alt. 
34° 16' 41", Z. D. corrected for run 56° 19' 19" ; 2nd Obs. 
© Dec. 13° 55' 32" N ; E. 'T. 4"» 14-35* - from M. T., 
© Tr. Alt. 51° 6' 33", Z. D. 38° 53' 27" ; x y or Arc 1. 71° 33' 30" ; 
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PXYor Arc 11. 100*' 16' 28"; zxy or Arc III. 40^ 12' 16"; 
p X z or Arc IV. 60^ 4' 12" ; p z or Coiat. 74° 24' 20" ; Lat. 
15° 35' 40" S. 

9. 1898, September 6th, in Lat. D. R. 41° 45' N, the foUowing 
Observations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. G. by Chronometer Obs. Alt. Q True Bearing 
P.M. 6thl3hll'» 7-5« 45° 9' 35" S47°W 

P.M. 6th 16»» 29"» 45-7» 10° 36' 10" 

I. E. + 1' 25" ; Height of Eye 26 feet ; Run of the Ship between 
the Observations N 23° E 38'. Required the Latitude at the 
time of the Second Observation. 

Answer. Apparent Intei-val 3** 18™ 41*; Ist Obs. Dec. 
6° 8' 18-4" N ; E. T. 1» 58-63» + to M. T., © Tr. Alt. 
45° 21' 4", Z. D. corrected for run 45° 13' 38" ; 2nd Obs. 
Dec. 6° 5' 13" N ; E. T. 2™ l-3» + to M. T., © Tr. Alt. 
10° 43' 47", Z. D. 79° 16' 13" ; x y or Arc I. 49° 22' 10" ; 
PYX or Arc IL 87° 7' 21"; zyx or Arc IIL 38° 33' 40"; 
PYZ or Arc IV. 48° 33' 41"; pz or Colat. 48° 12' 59"; 
Latitude 41° 47' 1" N. 

10. 1898, October 30th, Lat. D. R. 6° 18' S, the following 
Observations were taken to determine the Latitude by Double 
Altitude : 

Time at Ship M. T. G. by Chronometer Obs. Alt. Q True Bearing 
A.M. 29th 22^ 24™ 10'5'» 47° 38' 10" S 76° E 

P.M. 30th 4^ 54«» 47-7» 35° 10' 50" 

I. E. - 1' 50" ; Height of Eye 18 feet ; Run of the Ship 
between the two Observations West (true) 20'. Required the 
Latitude at the time of the Second Observation. 

Answer. Apparent Interval 6*» 30°» 37-5» ; 1st Obs. © Dec. 
13° 52' 18-4" S ; E. T. 16™ 14-65» + to M. T., © Tr. Alt. 
47° 47' 35", Z. D. corrected for run 42° 31' 43" ; 2nd Obs. 
O Dec. 13° 57' 37" S ; E. T. 16™ 14-99» + to M. T., Tr. Alt. 
35° 19' 47", Z. D. 54° 40' 13" ; x y or Arc I. 93° 52' 50 ; pyx 
or Arc II. 74° 39' 51" ; z y x or Arc III. 17° 33' 12" ; p y z or 
Arc IV. 92° 13' 3"; pz or Colat. 83° 44' 58"; Latitude 
6° 15' 2" S. 
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11. 1898, November 16th, in Lat. D. B. 32° 20' S, the 
following Observations were taken to determine the Latitude 
by Double Altitude : 

Time at Ship M. T. O. by Chronometer Obs. Alt. Q Trae Bearing 
P.M. 15th 22^ 43" 56-5» 66« 66' 10" 

P.M. 16th P36"12« 3r39'60" S86*»W 

I. E. + 1' 30" ; Height of Eye 21 feet ; Run of the Ship 
between the two Observations North (true) 25'. Required the 
Latitude at the time of the First Observation. 

Anstver. Apparent Interval 2^ 52™ 14*; 1st Obs. Dec. 
18*^ 49' 01" S ; E. T. 15" 3-5« + to M. T., Tr. Alt. 
67« 9' 0", Z. D. 22« 51' 0" ; 2nd Obs. Dec. 18° 50' 47-9" S ; 
E. T. 15" 2-12» 4- to M. T., Tr. Alt. 31^ 51' 37", Z. D. 
corrected for run 58^ 6' 41" ; x y or Arc I. 40** 38' 54" ; p y x or 
Arc XL 82« 47' 0" ; z y x or Arc III. 19° 42' 16" ; p y z or Arc 
IV. 63° 4' 44"; pz or Colat. 57° 41' 29"; Latitude 
32° 18' 31" S. 

12. 1898, December 10th, in Lat. D. R. 8° 25' S, the 
following Observations were taken to determine the Latitude by 
Double Altitude. 

Time at Ship M. T. G. by Chronometer Obs. Alt. Q True Bearing 
A.M. 9th lO** 26" 22« 48° 27' 20" 

P.M. 9th 16'* 28™ 19» 39° 13' 40" S 64° E 

I. E. —1' 20" ; Height of Eye 24 feet; Run of the Ship 
between the Observations N 68° W 32'. Required the Latitude 
at the time of the First Observation. 

Anstver. Apparent Interval 6** 1™ 50"; 1st Obs. © Dec. 
22° 54' 18-2" S ; E. T. 7» ll-8» -f to M. T., © .Tr. Alt. 
48° 36' 40", Z. D. 41° 23' 20" ; 2nd Obs. © Dec. 22° 55' 38" S ; 
E. T. 7°> 4-93» H- to M. T., © Tr. Alt. 39° 22' 43", Z. D 
corrected for run 50° 5' 21" ; x y or Arc I. 81° 40' 21 ; pyx or 
Arc IL 68° 34' 54"; zyx or Arc IIL 29° 59' 39"; PYzor 
Arc IV. 98° 34' 33" ; p z or Colat. 81° 41' 9" ; Latitude 
8° 18' 51" S. 
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Proof of Double Altitudes by Sumner's Method 

1. Prove the result of No. 1 Double Altitude by Sumner's 
method, using Latitudes 49** and 49° 30'. 

Answer. With Lat. 49° ; Interval 4»» 13" 0" 
„ „ 49° 30'; „ 4 48 

Interval of Apparent Time) 
between Observations ) 

Latitude 49° 6' 4" N. 

2. Prove the result of No. 3 Double Altitude by Sumner's 
method, using Latitudes 33° 60' and 34° 10'. 

Answer. With Lat. 33° 60' ; Interval 3»» 66" 44-6» 
„ „ 34° 10'; „ 3 68 31 
Interval of Apparent Time| 
between Observations ) 

Latitude 33° 57' 69" N 

3. Prove the result of No. 6 Double Altitude by Sumner's 
method, using Latitudes 46° 40' and 47° 10'. 

Answer. With Lat. 46° 40' ; Interval 4»^ 16" 27-6» 
„ „ 47° 10'; „ 4 20 1 
Interval of Apparent Time) . -^ 
between Observations ) 

Latitude 46° 68' 40" N 

Double Chronometer 

1. 1898, July 8th, a.m. at Ship, in Lat. D. R. 37° 32' N, and 
Long. D. R. 164° 22' E, when a Chronometer (corrected) indi- 
cated M. T. G. on the 7th 8*» 69" 62», the Obs, Alt. Q was 
27° 16' 6a", I. E. —1' 20", and at the same moment the Obs. 
Alt. T (W of Meridian) was 24° 22' 20", L E. + 1' 40", 
Height of Eye 22 feet. Required the position of the Ship 
by the Double Chronometer method. 

Answer. © Dec. 22° 31' 61" N, ; E. T. 4" 42« + to A. T. ; 
R A. M. © 7»» 3" 22-6« ; A. T. S. 7th 19^ 12" 13« by Sun ; 
Longitude by Sun 164° 16' 46" E ; J) R. A. 22»^ 42" 9« ; }) Dec. 
3° 39' 34 ' S ; D S.-D. 16' 10'7" ; ]) H. P. 68' 46*4 ' ; M. T. S. 
7th W 16" 34-6- by Moon ; Longitude by Moon 164° 10' 36" E ; 
© True Bearing N 81^° E ; J) True Bearing S 63^° W ; Lati- 
tude 37° 20' N ; Longitude 164° 17' 48" E. 
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2. 1898, October 22nd, p.m. at Ship, in Lat. D. R. 47^ 22' S, 
Long. D. R. 9® 40' W, when a Chronometer (corrected) indi- 
cated M. T. G. on the 22nd 4»» 18«» 26% the Obs. Alt. £ was 
29** 2' 20", and at the same moment the Obs. Alt. y (E of 
Meridian) was 45^ 69' 30", Height of Eye being 18 feet. 
Required the position of the Ship by the Double Chronometer 
method. 

Answer. © Dec. 11° 13' 65" S ; E. T. 16» 29-7«-A. T. 
R. A. M. © 14° 4' 27-7" ; A. T. S. by Sun 22nd 3** 64«» 57-5- 
Longitude by Sun 9° 44' 33" W ; J) R. A. 20»» 20«» lOS- 
)> Dec. 17° 38' 3-5" S ; }) S.-D. 16' 20" ; D H. P. 59' 0" 
M. T. S. by Moon 22nd 3'* 38" 59-6«; Longitude by Moon 
9° 51' 36" W ; © True Bearing N 74° W ; D True Bearing 
N 69i° E ; Latitude 47° 27' 30" S ; Longitude 9° 47' 11" W. 

3. 1898, August 19th, a.m. at Ship, in Lat. D. R. 50° 21' N, 
Long. D. R. 141° 20' W, when a Chronometer (corrected) 
indicated M. T. G. on the 18th 23^ 33«» 20». the Obs. Alt. of 
Mars (E of Meridian) was 23° 40' 20", and at the same 
moment the Obs. Alt. of Markab (W. of Meridian) was 
62° 15' 30", Height of Eye 26 feet. Required the position of 
the Ship by the Double Chronometer method. 

Anstcer. Markab's Dec. 14° 39' 46" N ; Markab's R. A. 
22h 59m 44.9s. R, A. M. © 9^ 51™ 21-46»; Markab's H. A. 
Ih 2m 0-5» ; Longitude by Markab 140° 44' W ; Mars' Dec. 
22° 56' 11-7"; Mars' R. A. 5^ 20» 47-6»; Mars' H. A. 
18^ 39™ 01«; Longitude by Mars 141° 13' 30" W; True 
Bearing Markab S 25° W ; True Bearing Mars N 82° B ; 
Latitude 50° 30' 18" N ; Longitude 141° 15' 30" W. 

4. 1898, November 30th, a.m. at Ship, in Lat. D. R. 
41° 22' S, Long. D. R. 78° 30' E, when a Chronometer 
(corrected) indicated M. T. G. on the 29th 11»» 35'» 50», the 
Obs. Alt. of Sirius (W. of Meridian) was 47° 3' 20", and at the 
same moment the Obs. Alt. of Jupiter (E of Meridian) was 
23° 49' 50", Height of Eye 17 feet. Required the position of 
the Ship by the Double Chronometer method. 

Answer. Sirius' Dec. 16° 34' 32" S; Sirius' R. A 
6h 4o«n 43.7.; R. A. M. ©16»»35'« 28-7«; Sirius' H. A 
2h 44m lis . Longitude by Sirius 78° 24' 0" E ; Jupiter's R. A. 
13»» 55™ 5-4* ; Jupiter's Dec. 10° 36' 27" S ; Jupiter's H. A. 
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19»> 29" QS-d" ; Longitude by Jupiter 78^ 18' 45" E ; True 
Bearing Sinus N 67^ W ; True Bearing Jupiter N 83® E ; 
Latitude 41® 29' 12" S ; Longitude 78° 19' 54" E. 

5. 1898, September 4th, p.m. at Ship, in Lat. D. R. 
38° 35' N, Long. D. R. 39° 18' W, when a Chronometer 
(corrected) indicated on the 4th 9** 55™ 8», the Obs. Alt. 
Arcturus (W of Meridian) was 34° 45' 55", and at the same 
moment the Obs. Alt. Antares (W of Meridian) was 20° 19' 25", 
Height of Eye 24 feet. Required the position of the Ship by 
Double Chronometer method. 

Answer. Arcturus' R. A. 14** 11"* 2-5''; Arcturus* Dec. 
19° 42' 40" N ; R. A. M. 10^ 56™ 8-5» ; Arcturus' H. A. 
4»» 3™ 25-3'» ; Longitude by Arcturus 39° 12' 10" W ; Antares' R. A. 
16»» 23™ 12-6»; Antares' Dec. 26° 12' 32" S; Antares' H. A. 
Ih 50™ 57'4»; Longitude by Antares 39° 16' 38" W; True 
Bearing Arcturus S 89° W; True Bearing Antares S 34° W ; 
Latitude 38° 32' 40" N ; Longitude 39° 12' 6" W. 

6. 1898, December 14th, p.m. at Ship, in Lat. D. R. 
21° 4' S, Long. D. R. 171° 12' E, when a Chronometer (corrected) 
indicated M. T. G. on the 13th 21»» 53™ 8», the Obs. Alt. 
Achernar (W of Meridian) was 51° 3' 30", I. E. -2' 20", and 
at the same moment the Obs. Alt. Sirius (E of Meridian) was 
35° 45' 0", I. E. -f 1' 15", Height of Eye 22 feet. Required 
the position of the Ship by the Double Chronometer method. 

Answer. Sirius' R. A. 6** 40™ 44» ; Sirius' Dec. 16° 34' 37" S ; 
R. A. M. 17»» 32™ 21-9» ; Sirius, H. A. 20'» 10™ 1» ; Longitude by 
Sirius 171° 18' 45" E ; Achernar's R. A. 1»» 33™ 59« ; Achernar's 
Dec. 57° 45' 8" S ; Achernar's H. A. V" 13™ 45* ; Longitude by 
Achernara70° 33' 30" E ; True Bearing Sirius S 83° E ; True 
Bearing Achernar S 16° W ; Latitude 21° 15' 42" S ; Longi- 
tude 171° 17' 14" E. 

Double Chronometer with Run 

1. 1898, January 12th, a.m. at Ship, in Lat. D. R. 49° 35' N, 
when a Chronometer (corrected) indicated M. T. G. on the 11th 
21h 34™ 30«, the Obs. Alt. Q was 6° 29' 30", Height of Eye 
18 feet ; the Ship then ran S 52° W (True) 18 miles, and again 
A.M. at Ship, when the same Chronometer indicated M. T. G. 
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on the 12th 0»» 26«» 9», the Obs. Alt. 3 was 18^ 27' Sff'. 
Required the position of the Ship at the time of the Second 
Observation by the Double Chronometer method. 

Answer. Ist Obs. Dec. 21^ 36' 45" S ; E. T. S^ 36-2« + 
to A. T. ; 0T. A. 6^ 34' 7" ; A. T. S. 11th 20** 43«^41» ; Longi- 
tude 10° 18' 15" W; Longitude with run 10° 39' 55" W; 
True Bearing S 45° E. 2nd Obs. Dec. 21° 35' 34" S ; 
E. T. 8™ 38-8« -f to A. T. ; 0T. A. 18° 36' 59" ; A. T. S. 11th 
23»» 43" 37" ; Longitude 8° 28' W ; True Bearing S 40° E ; 
True Position, Latitude 49° 35' 50" N, Longitude 10° 49' 15" W. 

2. 1898, February 26th, a.m. at Ship,inLat. D. R.41° 12' S, 
when a Chronometer (corrected) indicated M. T. G. on the 26th 
9h 33m 448^ the Obs. Alt. Q was 41° 46' 0", I. E. + 1' 15" ; the 
Ship then ran N 53° W (True) 18 miles, and p.m. at Ship, when 
the same Chronometer indicated M. T. G. on the 26th 
15h 24~ 58% the Obs. Alt. Q was 36° 24' 40", I. E. -1' 10", 
Height of Eye 14 feet. Required the position of the Ship at 
the time of the Second Obser\'ation by the Double Chronometer 
method. 

Ansiver, Ist Obs. Dec. 8° 26' 39*5" S ; E. T. 12™ 58* -f 
to A.T.; T. A. 41° 58' 45"; A. T. S. 25th 21^ 20°» 57*5- 
Longitude 179° 57' W; Longitude with run 179° 44' E 
True Bearing N 59° E. 2nd Obs. Dec. 8° 21' 9" S 
E. T. 12~ 55-9« -f to A. T. ; T. A. 36° 34' 47" ; A. T. S. 26th 
3h 11«« 32-5« ; Longitude 179° 52' 36" E ; True Bearing 
N66° W; True Position, Latitude 41° 7' 26" S, Longitude 
179° 48' 55" E. 

3. 1898, March 20th, a.m. at Ship, in Lat. D. R. 32° 25' N, 
when a Chronometer (corrected) indicated M. T. G. on the 20th 
2*^ 6™ 5», the Obs. Alt. was 18° 43' 0" ; the Ship then ran South 
(True) 18 miles, and p.m. at Ship, when the same Chronometer 
indicated M. T. G. on the 20th 1^ 57™ 48», the Obs. Alt. i:} was 
52° 31' 40", Height of Eye 22 feet. Required the position of 
the Ship at the time of taking the Second Observation by the 
Double Chronometer problem. 

Answer, 1st Obs. Dec. 0° 0' 0" ; E. T. 7™ 30* + to A. T. ; 
T. A. 18° 51' 52" ; A. T. S. 19th 19»» 30™ 5'» ; Longitude 
97° 7' 30" W ; True Bearing S 77^ E ; Longitude with run 
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970 rjf 3Qr, ^ 2nd Obs. 0Dec. 0° 5' 47" N ; E. T. 7°» 25-5« + 
to A. T. ; © T. A. 52^ 42' 31" ; A. T. S. 20th 1^ 20" ST'S" ; 
Longitude 97° 21' 15" W ; True Bearing S 34^° W ; True 
Position, Latitude 32° 0' N, Longitude 97° 9' 20" W. 



Error of Chronometer 

1. 1898, January 26th, a.m. at Ship, the Start Point bearing 
North (true) distant one mile, when the time by a Chronometer 
was on the 25th 20** 48"* 4% whose Error on M. T. G. was 
supposed to be 26™ 30« slow, the Obs. Alt. Q was 9° 2' 0", 
I. E. - 1' 20", Height of Eye 19 feet. Required the Error of 
the Chronometer on M. T. G. 

Anstver, Dec. 18° 39' 32*7" S ; E. T. 12™ 48-7« — from 
M. T. ; Lat. in 50° 12' 18" N ; Long, in 3° 38' 28" W ; A. T. S. 
25th 20*» 47™ 15-7' ; Error of Chronometer 26™ 29-8» slow on 
M. T. G. 

2. 1898, March 18th, p.m. at Ship, C. Leuwin (summit), in 
Lat. 34° 19' S, and Long. 115° 6'E, bearing S85°E (true), 
distant 15 miles, when the time by a Chronometer was on the 
17th 20*» 34™ 10*, whose Error on M. T. G. was supposed to be 
5™ 1» slow, the Obs. Alt. was 22° 41' 30", I. E. + 2' 10", 
Height of Eye 17 feet. Required the Error of the Chronometer 
on M. T. G. 

Answer. Dec. 0° 52' 50" S ; E. T. 8™ 9-7» -f to A. T. ; 
Lat. in 34° 17' 42" S ; Long, in 114° 47' 54" E ; A. T. S. 18th 
4h 10™ 20'; Error of Chronometer 5™ 81» slow on M. T. G. 

3. 1898, May 12th, a.m. at Ship, Cape Charles Lighthouse, 
Chesapeake, in Lat. 37° 7' 8" N, and Long. 75° 53' 12" W, 
bearing N 61° W (true), distant 6 miles, when the time by a 
Chronometer was on the 12th 0** 4™ 48% whose Error on M. T. G. 
was supposed to be 3™ 45* fast, the Obs. Alt. of the was 
22° 47' 20", I. E. - 1' 40", Height of Eye 15 feet. Required 
the Error of the Chronometer on M. T. G. 

Answer. Dec. 18° 12' 41" N ; E. T. 3™ 50-3^ - from A. T. ; 
Lat. in 37° 4' 14'' N ; Long, in 75° 46' 42" W ; A. T. S. 11th 
19»» 1™ 34» ; Error of Chronometer 3™ 57-5« fast on M. T. G. 
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Error of Chronometer (Artificial Horizon) 

1. 1898, June 26th, p.m. at Ship, in Lat. 50** 48' 4" N, Long. 
1^ 5' 59" W, when the time by a Chronometer was on the 26th 
5h 7m 50s^ whose Error on M. T. G. was supposed to be 3" 30* 
slow, the 06s. Alt. of the Q by artificial Horizon was 34** 5' 43", 
T. E. — 1' 45". Eequired the Error of the Chronometer on 
M. T. G. 

Afiswer. Dec. 23« 21' 18" N ; E. T. 2™ 38-3» + to A. T. ; 
© T. A. 17° 14' 51" ; A. T. S. 26!;h 6*^ 4™ 14» ; Error of 
Chronometer on M. T. G. slow 3" 26'2«. 

2. 1898, August 26th, a.m. at Ship, in Lat. 33° 1' 53" S, Long. 
71° 38' 42" W, when the time by a Chronometer was on the 
26th 1*» 21™ 55*, whose Error on M. T. G. was supposed to be 
1™ 10* fast, the Obs. Alt. of the Q by artificial Horizon was 
48° 7' 3", I. E. -h 1' 35". Bequired the Error of the 
Chronometer on M. T. G. 

Answer, Dec. 10° 18' 23-3" N ; E. T. 1™ 37-6« 4- to A. T. ; 
T. A. 24° 18' 13"; A. T. S. 25th 20»» 32" 26-9»; Error of 
Chronometer on M. T. G. fast 1" 15-7*. 

3. 1898, November 5th, p.m. at Ship, in Lat. 25° 58' 44" S, 
Long. 32° 38' 23" E, when the time by a Chronometer was on 
the 5th 2^ 38™ 27*, w hose Error on M. T. G. was supposed to be 
7™ 29' slow, the Obs. Alt. of the by artificial Horizon was 
34° 4' 20", I. E -1' 50". Required the Error of the 
Chronometer on M. T. G. 

Answer. Dec. 15° 49' 16" S ; E. T. 16™ 17-2* - from A. T. ; 
T. A. 17° 14' 32" ; A. T. S. 5th 5^ 12™ 46* ; Error of Chrono- 
meter on M. T. G. slow 7™ 28-6*. 



Error of Chronometer by Equal Altitudes 

1 1898, January 10th, in Lat. 23° 4' N, Long. 109° 20' W, 
the following Times by Chronometer were noted when the Sun 
had Equal Altitudes : at the a.m. Sight 4»» 27™ 10*, at the p.m. 
Sight 10»» 29™ 30«. Required the Equation of Equal Altitudes, 
the Error of the Chronometer on Mean Time at Place, and on 
Mean Time at Greenwich. 



Digitized by 



Google 



EXERCISES 851 

Answer. Interval 6»» 2" 20- ; © Dec. 2V 51' 58-7" S ; E. T. 
7" 58-9" + to A. T. ; Equation of Equal Altitudes — 4-6» ; Error 
of Chronometer on M. T. S. 7^ 20~ 16-5» fast, on M. T. G. 
2» 56-5» fast. 

* 2. 1898, April 18th, in Lat. 60° 48' N, Long. V 12' W, the 
following Times by Chronometer were noted when the Sun had 
Equal Altitudes : at the a.m. Sight 8^ 2°» 41», at the p.m. Sight 
4h iQm 538, Required the Equation of Equal Altitudes, the Error 
of the Chronometer on Mean Time at Place, and on Mean 
Time at Greenwich. 

Answer. Interval 8»» 8™ 12«; Dec. 10° 56' 0" N ; E. T. 
Om 44.58 _ A. T. ; Equation of Equal Altitudes — 18-33«; Error 
of Chronometer on M. T. S. 7" 13*2" fast, on M. T. G. 2™ 25-2« 
fast. 

3. 1898, September 5th, in Lat. 48^^ 26' S, Long. 156^^ 18' E, 
the following Times by Chronometer were noted when the Sun 
had Equal Altitudes : at the a.m. Sight 7*» 16™ 2», at the p.m. 
Sight 1^ 34" 22». Required the Equation of Equal Altitudes, 
the Error of the Chronometer on Mean Time at Place, and on 
Mean Time at Greenwich. 

Answer, Interval 6^ 18» 20« ; Dec. 6° 30' 22-7" N ; E. T. 
1~ 38-65» — A. T. ; Equation of Equal Altitudes — 19-14* ; Error 
of Chronometer on M. T. S. 1^ 33»» 28-4» slow, on M. T. G. 
3h Qm 16-48 slow. 

4. 1898, November 20bh, in Lat. 12° 18' S, Long. 132° 19' W, 
the following Times by Chronometer were noted when the Sun 
had Equal Altitudes : at the a.m. Sight 4*^ 52'» 6', at the p.m. 
Sight 1*» 6" 26". Eequired the Equation of Equal Altitudes, 
the Error of the Chronometer on Mean Time at Place, and on 
Mean Time at Greenwich. 

Answer. Interval 8^ 14™ 20« ; Dec. 19° 51' 26" S ; E. T. 
14m 5.48 _ A. T. ; Equation of Equal Altitudes — 0-5» ; Error of 
Chronometer on M. T. S. 2^ 46™ 39-1" slow, on M. T. G. 0^ 24" 4-9» 
fast. 

5. 1898, January 25th and 26th, in Lat. 29° 48' N, Long. 
63° 49' E, the following Times by Chronometer were noted 
when the Star Sirius had Equal Altitudes : East of Meridian at 
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2h 71a 26», West of Meridian at 9»» 26" 2«. Required the Error 
of Chronometer on Mean Time at Greenwich. 

Answer, Chron. Time of Transit 5** 46" 44« ; Sidereal Time 
at Greenwich 2»» 25" 25-5" ; Error on M. T. G. O** 18" 26-2« slow. 

6. 1898, August 10th and 11th, in Lat. 40° 28' N, Long. 
112° 17' W, the following Times by Chronometer were noted 
when the Star Fomalhaut had Equal Altitudes ; East of 
Meridian 4»» 23" 12«, West of Meridian 1»» 21" 28*. Required 
the Error of Chronometer on Mean Time at Greenwich. 

Ansxcer, Chron. Time of Transit 8»^ 62" 20» ; Sidereal Time 
at Greenwich &" 21" 13-4« ; Error on M. T. G. 0*» 9" 29-3» slow. 

Great Clpcle Sailing 

1. Find the distance from Pernambuco to C. Leuwin on the 
arc of a Great Circle, the initial and final courses, the position 
of the vertex, and the points where the Great Circle will cut the 
following Meridians : 20° W, 5° W, 10° E, 25° E, 40° E, 55° E, 
70° E, 85° E, and 100° E. 

Ans. Distance 7738-68 miles ; Initial Course S 32° 7' 3" E ; 
Final Course N 39° 35' bb'' E ; Vertex Lat. 58° 14' 12" S ; Long. 
50° 6' 25" E; Positions 20° W, 28° 47' 32" S; 5° W, 
42° 44' 10" S ; 10° E, 51° 0' 36" S ; 25° E, 55° 38' 17" S ; 40° E. 
57° 50' 3" S ; 55° E, 58° 8' 35" S ; 70° E, 56° 38' 17" S ; 
85° E, 52° 57' 10" S ; 100° E, 46° 8' 13" S. 

2. Find the total distance on the arcs of Great Circles and 
on the Parallel of 55° S, from SW Cape, Tasmania (A) to 
C. Pemhroke, Falkland Islands (B), also the initial and final 
courses and the points at which the Great Circles will cut the 
Meridians of 150° E, 160° E, and every Meridian 10° apart to 
your destination. The limit of South Latitude is 55°. 

Aimcer. Total Distance 5732-3 miles ; A to Vertex 1963*8' ; 
Vertex to Vertex 2765*6' ; Vertex to B 1002*9' ; Initial Course 
S 52° 19' 32" E ; Final Course N 67° 40' 12" E ; Position of 
1st Vertex Lat. 55° S, Long. 165° 42' 45" W ; Position of 2nd 
Vertex Lat. 55° S, Long. 85° 21' 3" W ; Positions 150° E, 
45° 37' 58" S ; 160° E, 49° 43' 10" S ; 170° E, 52° 28' 7" S ; 
180°, 54° 8' 59" S ; 170° W, 54° 55' 32" S ; from 165° 42' 45" W 
to 85° 21' 3" W along the Parallel of 55° S ; 80° W, 
54° 52' 56" S ; 70° W, 54° 0' 58" S ; 60° W, 52° 13' 51" S. 
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3. Find the Shortest Distance on the arcs of Great Circles 
from C. Runaway, New Zealand (A), to Valparaiso (B), it being 
compulsory that you pass to the Northward of a point in Lat. 
39° 27' S, Long. 108° 19' W (C) ; also the initial and final 
courses, and the points at which the Great Circles will cut the 
Meridians of 170° W, 160° W, and so on, on every tenth Meri- 
dian. 

Answer, Distance A to C 33604 miles, C to B 18029 miles. 
Total 5163-3 miles ; Initial Course S 63° 21' 12" E ; Final Course 
N 67° 4' ir E ; Position of Vertex A to C 44° 60' 56" S 
142° 30' 7" W ; Position of Vertex C to B 39° 27' 16" S. 
109° 27' 29" W; Positions 170° W, 41° 25' 26" S; 160° W, 
43° 29' 27" S ; 150° W, 44° 36' 10" S ; 140° W, 44° 49' 18" S ; 
130° W, 44° 9' 42" S; 120° W, 42° 35' 0" S; 110° W, 
39° 59' 40" S ; 100° W, 39° 4' 12" S ; 90° W, 37° 48' 38" S ; 
80° W, 35° 37' 31" S. 

4. Find the Distance on the Arc of a Great Circle from (A) 
Lat. 47° 48' S, Long. 155° 36' W, to (B) Lat. 26° 10' N, Long. 
28° 20' W, also the Initial and Final Courses, the Position of the 
Vertex, and the points at which the Great Circle will cut the 
Meridians of 140° W, 125° W, 110° W, and so on, at every 
Meridian 15° apart. 

Ans. Distance 8026*5 miles ; Initial Course S 81° 35' 45" E ; 
Final Course N 47° 45' 10" E ; Position of Vertex 48° 21' 52" S, 
144° 13' 58" W ; Positions 140° W, 48° 17' 12" S ; 125° W, 
46° 43' 33" S ; 110° W, 42° 55' 26" S ; 95° W, 36° 17' 58" S ; 
80° W, 26° 3' 35" S ; 65° W, 11° 52' 6" S ; 50° W, 4° 44' 47" N ; 
35° W, 20° 19' 57" N. 

5. Find the Shortest Distance between (A) Lat. 45° 28' N, 
Long. 154° 46' W, and (B) Lat. 41° 47' N, Long. 130° 14' E 
(it being compulsory to keep to the Southward of the Parallel 
of 48° N), also the Initial and Final Courses, the Position of 
the Vertices, and the points at which the Great Circles will cut 
the ParaUels of 170° W and 155° E. 

Aiiswer, Distance A to V 985*5 miles, V to Vi 594*3 miles, 
V, to B 1581-5 miles. Total 3161*3 miles; Initial Course 
N 72° 34' 20" W ; Final Course S 63° 45' 8" W ; Position of 
V 48° N, 178° 32' W ; Position of V, 48° N, 166° 39' 45" E ; 
Positions 170° W, 47° 40' 58" N ; 155° E, 47° 24' 21" N. 
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6. Find the Distance on the arcs of Great Circles from (A) 
Lat. 10" 27' S, Long. 128° 40' E, to (B) Lat. 54° 18' S, Long. 
138° 14' W (it being compulsory to pass to the Northward of a 
point (C) in Lat. 51° S, Long. 150° W), also the Initial and 
Final Courses, the Position of the Vertices, and the points at 
which the Great Circle will cut the Meridians of 130°, 145°, 160°, 
and 175° B, and 170°, 156°, and 140° W Longitude. 

A71S. Distance A to C 45873 miles, C to B 4711 miles, Total 
5058-4 miles ; Initial Course S 39° 47' 12" E ; Final Course 
S 69° 57' 18" E ; Position of V 51° 0' 0" S, 150° 0' 0" W ; 
Position of V„ 56° 45' 25" S, 114° 2' 21" W ; Positions 130° E, 
12° 6' 11" S ; 145° E, 27° 33' 35" S ; 160° E, 38° 26' 30" S ; 
175° E, 45° 19' 46" S; 170° W, 49° 14' 48" S; 155° W, 
50° 53' 35" S ; 140» W, 53° 54' 26" S. 

7. Find the Distance on the arc of a Great Circle between 
(A) Lat. 49° 20' N, Long. 165° 20' W, and (B) Lat. 15° 18' S, 
Long. 98° 42' W, also the Initial and Final Courses, the Posi- 
tion of the Vertex, and the points at which the Great Circle 
will cut the Meridians 155°, 145°, 135°, 125°, 115°, and 105° W. 

Ans. Distance 523097 miles ; Initial Course S 62° 26' 20" E ; 
Final Course S 36° 47' 37" E ; Position of Vertex 54° 42' 38" N, 
160° 8' 9" E ; Positions 155° W, 45° 2' 28" N ; 145° W, 
39° 6' 58" N ; 135° W, 30° 58' 15" N ; 125° W, 20° 15' 0" N ; 
115° W, 7° 12' 30" N ; 105° W, 6° 49' 54" S. 

8. Find the nearest Distance from (A) Lat. 5° 26' N, Long. 
149° 41' E, to (B) Lat. 48° 42' S, Long. 23° 56' E (it being com- 
pulsory to keep to the Northward of the Parallel of 50° S), also 
the Initial and Final Courses, the Position of the Vertices, and 
the points at which the Great Circle will cut the Meridians of 
135°, 120°, 105°, 90°, 75°, 60°, 45°, and 30° E. 

Ans, Distance A to V 5825*97 miles, V to V, 537-75 miles, 
Vi to B 676-61 miles. Total 7040*33 miles; Initial Course 
S 40° 12' 35" W; Final Course N 76° 52' 52" W; Position of 
V 50° S, bb"" 6' 20" E ; Position of V, 50° S, 41° 9' 44" E 
Positions 135° E, 11° 34' 24" S; 120° E, 26° 38' 29" S 
105° E, 37° 23' 34" S ; 90° E, 44° 16' 25" S ; 75° E, 48° 13' 3" S 
60° E, 49° 53' 16" S ; 45° E, 50° S ; 30° E, 49° 27' 37" S. 

9. Find the Nearest Distance from (A) Lat. 40° N, Long. 
79° W to (B) Lat. 40° N, Long. 170° E, it being compulsory to 
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pass to the Southward of a point (C) in Lat. 40° N, Long. 
120** W, also the Initial and Final Courses, the positions of the 
Vertices, and the points at which the Great Circles will cut the 
Meridians of 90^ 105^ 120^ 135^ 150°, 165°, and 180° W 
Longitude and 170° E Longitude. 

Alts. Distance A to C 1867-4 miles, C to B 3127*8 miles, Total 
4995-2 miles ; Initial Course N 76° 29' 12" W ; Final Course 
S 65° 46' 4" W ; Position of V 41° 51' 18" N, 99° 30' W ; 
Position of Vi, 45° 41' 22" N, 155° W; Positions 90° W, 
41° 27' 46" N; 105° W, 41° 43' 25" N; 120° W, 40° N; 
135° W, 43° 54' 28" N ; 150° W, 45° 34' 49" N ; 165° W, 
45° 15' 3" N ; 180°, 42° 52' 24" N ; 170° E, 40° N. 

10. Find the shortest distance from (A) Lat. 10° 28' N, 
Long. 39° 18' W to (B) Lat. 51° 47' S, Long. 112° 16' E ; also 
the Initial and Final Courses, the Position of the Vertex, and 
the points at which the Great Circle will cut the Meridians of 
25° and 10° W, 5°, 20°, 35°, 50°, 65°, 80°, 95°, and 110° E. 

Ans, Distance 7959-8 miles ; Initial Course S 23° 36' 50" E ; 
Final Course N 39° 33' 8" E ; Position of Vertex 66° 48' 8" S,* 
55° 14' 41" E; Positions 25° W, 21° 34' 36" S; 10° W, 
44° 20' 19" S; 5° E, 56° 10' 26" S; 23° E, 62° 18' 45" S; 
35° E, 65° 27' 2' S ; 50° E, 66° 42' 55" S ; 65° E, 66° 29' 54" S ; 
80° E, 64° 44' 10" S ; 95° E, 60° 51' 45" S ; 110° E, 53° 23' 59" S. 

11. Find the shortest distance from (A) Lat. 28° 18' S, 
Long. 0° 0' to (B) Lat. 51° 40' S, Long. 141° 27' E, it being 
compulsory not to go South of the 55th Parallel of S. Latitude ; 
also the Initial and Final Courses, the Position of the Vertices, 
and the points at whidh the Great Circles will cut the 
Meridians of 15°, 30°, 45°, 60°, 75°, 90°, 105°, 125° and 135° E 
Longitude. 

Alls. Distance A to V 3278*2 miles, V to Vi 1580*3 miles, Vi toB 
1004*8 miles, Total 5863*3 miles ; Initial Course S 40° 39' 0" E ; 
Fmal Course N 67° 38' 1" E ; Position of V dd"" S, 67° 51' 2"E; 
Position of V„ 55° S, 113° 46' 13" E; Positions 15° E, 
40° 46' 34" S ; 30° E, 48° 26' 4" S; 45° E, 52° 46' 15" S ; 
60° E, 54° 44' 46" S ; from 67° 51' 2" E to 113° 46' 13" E 
along the Parallel of 55° S; 125° E, 54° 28' 41" S; 135° E, 
53° 5' 12'' S. 

A A 2 
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12. Find the shortest distance from (A) Lat. 16*» 4(y N, 
Long. 148° l(y W, to (B) Lat. 49*> 18' S, Long. 89° 44' E, it 
being compulsory to pass to the Northward of a point (C) in 
Lat. 40° 26' S, Long. 120° 10' E ; also the Initial and Final 
Courses, the positions of the Vertices, and the points at which 
the Great Circles will cut the Meridians of 160° and 175° W, 
and 170°, 155°, 140°, 125°, 110°, and 95° E Longitude. 

Ans, Distance A to C 6121 miles, C to B 1387*4 miles, Total 
7508-4 miles; Initial Course S 51° 3' 8" W; Final Course 
S 79° 2' 43" W ; Position of V 41° 50' 12" S, 102° 17' 49" E ; 
Position of V, 50° 11' 31" S, 75° 24' 40" E ; Positions 160° W, 
6° 50' 34" N ; 175° W, 6° 50' 14" S; 170° E, 18° 45' 39" S ; 
155° E, 28° 28' 44" S ; 140° E, 35° 18' 38" S ; 125° E, 
39° 33' 10" S ; 110° E, 44° 34' 68" S ; 95° E, 48° 30' 14" S. 

Right-Angled Plane Triangles 

Given three parts to find the other parts 

1. c = 90° 0' 0", a = 59-45, b = 94-8. 

Answer, a = 32° 6' 32" ; b = 57° 54' 28" ; c = 111-898. 

2. A = 90° 0' 0", B = 50° 42' 0", a = -2839. 
Answer, b = -21969 ; c = -17981 ; c = 39° 18' 0". 

3. B = 90° 0' 0", a = 10, c = 11-85. 

Answer, c = 49° 50' 22" ; a = 40° 9' 38" ; b = 15-606. 

4. c = 90° 0' 0", c = -0098, a = 72° 20' 0". 

Answer, b = 17° 40' 0" ; a = 0093378 ; b = -0029741. 

5. B = 90° 0' 0", b = 3-7 yards, a = 7-6 feet. 

Answer, a = 43° 12' 35" ; o=46° 47' 26" ; c = 80903 feet. 

6. B = 90° 0' 0", a = 3/2:, b = iV 

A7i^wer. A = 34° 26' 52" ; c = 55° 33' 8" ; c = -46386. 

Oblique-Angled Plane Triangles 

Given three parts to find the other parts 

1. A = 95° 14' 0", B = 59° 16' 15", b = 1489. 
Answer, c = 25° 29' 45" ; a = 1725 ; c = 745-625. 

2. A = 22° 48' 30", a = 3864, c = 7928. 

Answer, b = 104° 30' 7" ; c =52° 41' 23" ; b = 9650-2 or 
B = 29° 52' 53" ; c = 127° 18' 37" ; b = 4966. 
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3. A = 44° 27' 0", b = 9-8, c = 5-00& 

A^iswer. b = 106° 9' 14" ; c = 29° 23' 46" ; a = 7-1449. 

4. a = 089, 6 = -142, c = -1. 

^w«w;er. a = 38° 26' 43" ; b = 97° 14' 20" ; c = 44° 18' 56". 

5. A = 31° 18' 30", a = 2941, c = 4098. 

Answer, b = 102° 18' 0" ; c = 46° 23' 30" ; h = 65297 or 
B = 15° 5' 0" ; c = 133° 36' 30" ; 6 = 14728. 

6. B = 15° 5' 0", a = 2941, c = 4098. 

Answer, a = 31° 18' 30" ; c = 133° 36' 30" ; b = 14728. 

Right-angled Spherical Triangles 

Given three parts to find the other parts 

1. c = 90° 0' 0" a = 77° 18' 30", b = 86° 26' 0". 
Answer, a = 77° 20' 50" ; b = 85° 32' 40" ; c = 88° 59' 50". 

2. = 90° 0' 0", B = 85° 32' 40", c = 88° 69' 52". 
Answer, a = 77° 20' 50" ; a = 77° 18' 30" ; ft = 85° 26' 0". 

3. c = 90° 0' 0", B = 62° 45' 20", a = 45° 0' 30". 
Answer, a = 37° 19' 24" ; i = 49° 39' 38" ; c = 59° 1' 6". 

4. A = 90° 0' 0", B = 124° 47' 0", c = 65° 18' 0". 
Answer, a = 104° 42' 9" ; 6 = 127° 23' 57" ; c = 69° 55' 41". 

5. B = 90° 0' 0", c = 106° 21' 57", b = 66° 17' 39". 
Answer, a = 143° 51' 14" ; a = 147" 18' 40" ; c = 118° 32' 7" 

6. c = 90° 0' 0", A =111° 14' 52", c = 91° 45' 19". 
Ans^ver. b = 85° 29' 46" ; a = 111° 19' 0" ; 6 = 85° 10' 0". 

7. A = 90° 0' 0', B = 48° 2' 30, b = 47° 29' 0". 

Answer, c = 81° 37' 11" or 98° 22' 49" ; a = 82° 23' 20" 
or 97° 36' 40" ; c = 78° 41' 56" or 101° 18' 4". 

8. B = 90° 0' 0", A = 82° 17' 58", a = 81° 41' 0". 
Answer, c = 67° 52' 39" or 112° 7' 21" ; ft = 86° 51' 9" or 

93° 8' 51" ; c = 67° 39' 68" or 112° 20' 2". 

9. c = 90° 0' 0", B = 45° 40' 17", b = 39° 45' 0". 
Answer, a = 65° 20' 56" or 114° 39' 4" ; a = 54° 20' 0" or 

125° 40' 0" ; c = 63° 21' 58" or 116° 38' 2". 
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EXTRACTS FROM 



THE MOON'S EIGHT ASCENSION 
AND DECLINATION 







MEAN ' 


riME 






1 Dfty of the month 


1 

14 
16 


Right 
Aaoension 

h m 8 
12 67 13-87 
12 69 2105 


Var.inlO 
minutes 


Declination 


Tar. in 10 
minntes 


Jan. 14, 1898 


2l"l69 
21-224 


O 1 II 

S.11 47 190 
12 53-2 


136-93 
136-46 


Feb. 3,1898 


17 
18 


7 12 112 
7 14 1018 


21-621 
21-499 


N.23 22 36-1 
23 16 6-7 


64-33 1 
65-47 1 


1 Feb. 6.1898 


15 
16 


8 48 26-46 
8 60 27-64 


20-376 
20-362 


16 35 46-3 
16 24 43-3 


110-08 
110-90 i 


Feb. 6, 1898 


19 
20 


9 44 37-82 
9 46 36-67 


19-816 
19-801 


10 58 31-2 
10 45 31-6 


129-64 
130-21 1 


Mar. 8, 1898 


13 
14 


11 40 22-72 
11 42 24-90 


20-362 
20-377 


S. 2 44 18-1 
2 59 6-5 


148-08 
148-05 


Mar. 11, 1898 


16 
17 


14 24 1-42 
14 26 24-01 


23-737 
23-794 


19 30 19-2 
19 40 62-3 


106-08 ' 
104-93 


Mar. 12, 1898 


11 
12 


16 10 8-85 
15 12 37-79 


24-797 
24-849 


22 29 37-8 
22 37 44-3 


81-79 ' 
80-37 


April 12, 1898 


6 
6 


18 48 36-63 
18 61 8-64 


26-628 
26-474 


23 67 23-9 
23 51 18-5 


60-12 
61-67 


April 17, 1898 


10 
11 


23 24 6-91 
23 26 5-07 


19-698 
19-689 


N. 61 56-6 
1 6 9-7 


142-25 
142-11 1 


May 3, 1898 


2 
3 


12 17 28-38 
12 19 35-61 


21163 
21-216 


S. 7 15 18-7 
7 29 44-7 


144-42 
144-23 


May 26, 1898 


4 
5 


8 66 1-96 
8 67 68-67 


19-462 
19-441 


' N.15 9 13-9 
i 14 68 29-3 


107-08 
107-77 


May 31, 1898 


4 
5 


12 62 0-00 
12 54 9-99 


21-632 
21-698 


S.11 11 66-4 
11 25 29-8 


136-77 , 
135-37 ; 


1 June 6, 1898 

1 




1 


17 49 66-37 
17 52 4416 


27-977 
27-962 


25 14 31-7 
25 11 611 


25-77 i 
27-76 1 


1 June 22, 1898 


3 
4 


8 42 112 
8 43 68-35 


19-662 
19-626 


N.16 18 6-9 
16 7 61-7 


10201 
102-72 1 


1 June 23, 1898 


17 

18 


9 64 45-41 
9 66 38-43 


18-842 
18-832 


9 6 23-3 
8 52 67-8 


12403 1 
124-47 i 


July 6, 1898 




1 


21 29 48-24 
21 32 5-39 


22-891 
22-826 


S.11 44 19 
11 30 7-8 


141-61 1 
142-12 


' July 7. 1898 


8 
9 


22 40 2-50 
22 42 9-19 


21137 
21094 


3 64 28-0 
3 39 32-7 


149-23 
149-21 j 


July 11, 1898 


9 
10 


1 56 42-71 
1 58 45-31 


20-424 
20-442 


N.17 23 14-6 
17 33 16-0 


100-68 
99-81 


1 July 16, 1898 


3 

4 


5 8 20-70 
5 10 31-81 


21-862 
21-861 


26 32 4-7 
26 32 16-4 


2-66 1 
1-34 


, July 26, 1898 


16 
17 


14 30 50-27 
14 33 11-28 1 


23-464 
23-538 


S.19 66 11-1 
20 5 47-2 


96-64 
96-48 
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THE MOON'S EIGHT ASCENSION 
AND DECLINATION 







MEAN 


TIME 






Day of the month 
Aug. 19, 1898 


i_ 

14 
15 


Right 
ABcension 

~ h m B 
11 43 6501 
11 45 51-30 


Var. In 10 
minutes 


DecUnfttion 

o / // 

S. 3 34 6-4 
3 47 44-4 


Var. in 10 
minutes 


19*370 
19-393 


// 
136-37 
136-30 


Aug. 23, 1898 


5 
6 


14 47 45-23 
14 50 6-62 


23-533 
23-598 


20 53 51-2 

21 2 29-5 


86-96 
85-81 




22 

23 


16 28 i(y06 
15 31 7-76 


24-587 
24-646 


23 4 2-6 
23 10 31-7 


66-64 
64-16 


Aug. 25, 1898 


9 
10 


16 67 49-41 

17 26-49 


26167 
26193 


25 20 43-8 

26 21 41-6 


10-49 

8-77 


Aug. 29, 1898 


12 
13 


21 9 54-23 
21 12 14-48 


23-400 
23-360 


13 43 62-8 
13 30 22-3 


134-69 
135-47 : 


Sep. 4, 1898 


9 
10 


2 13 37-88 
2 15 46-31 


21-397 
21-412 


N.18 28 36-7 
18 38 13-5 


96-65 
96-62 




19 
20 


2 35 618 
2 37 15-50 


21-546 
21-561 


20 3-8 
20 8 37-5 


86-16 
86 07 


Sep. 10, 1898 




1 


7 6 58-78 
7 9 4-51 


20-968 
20-942 


22 36 0-6 i 
22 29 67-0 


60-07 
61-09 


Oct. 20,1898 


4 
5 


18 20 6108 
18 23 25-73 


25-792 
26-768 


S.23 68 6-1 
23 53 37-3 


4400 
45-60 


Oct. 21, 1898 


7 
8 


19 28 59-41 
19 31 26-82 


24-694 
24-642 


21 3 50-2 
20 55 24*1 


83-70 
85-00 




17 
18 


19 53 1906 
19 55 43-24 


24-067 
24002 


19 33 49-3 
19 24 9-3 


96-08 
97-25 


Oct. 22, 1898 


4 

5 


20 19 26-93 
20 21 47-49 


23-464 
23-400 


17 41 22-6 
17 30 31-2 


10806 
109-06 


Oct. 25, 1898 


11 
12 


23 11 10-32 
23 13 14-02 


20-622 
20-612 


10 52-9 
N. 3 290 


143-68 
143-61 


Oct. 28, 1898 


21 
22 


2 1 45-93 
2 3 54-76 


21-460 
21-482 


17 19 37-7 
17 29 381 


100-54 
99-69 


Nov. 1,1898 


7 
8 


5 3 9-82 ' 
5 5 23-51 


22-288 
22-276 


24 49 36-2 
24 60 2-0 


4-92 
3-68 


Nov. 6,1898 


4 
5 


9 6 18-36 1 
9 8 13-26 


19158 
19140 


13 32 48-2 
13 22 1-7 


107-45 
10805 


Nov. 19, 1898 


6 

7 


21 6 811 
21 8 23-61 


22-612 
22-665 


S.13 27 45-1 
13 15 2-3 


126-80 
127-45 


Nov. 21, 1898 


16 
17 


23 9 46 28 
23 11 47-77 


20-422 
20-407 


8 12-1 
N. 6 66-9 


141-54 
141-43 


Nov. 24, 1898 


4 
5 


1 11 49-51 
1 13 53-32 


20-625 
20-644 


13 6 17-3 
13 16 57-7 


117-08 
116-38 


Dec. 1,1898 


2 

1 3 


7 11 56-77 
7 14 1-32 


20-776 
20-741 


21 41 30-3 
21 35 10-2 


62-87 
63-83 


Dec. 25, 1898 

1 


4 

5 


4 25 27-53 
4 27 40-31 


22-127 
22-132 


24 21 68-8 
24 24 21-4 


24-37 
, 23-16 
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EXTRACrrS FROM 





PLANETS 










MEAN TIME 








Day of the 


Right Ascension 


DooliDBtion 


l| 


& 


1 
MeridUn 


Month 


Noon 


Noon 


& 


Pasaage 






Yesvs 










h ni M 


/ // 


" 1 


ft 


h m 


May 6 . 


4 15 4312 


N.21 47 48-6 


6-8 


6-6 


1 18-3 


May7 . . 


4 20 62-74 


22 2 50-6 


5-3 


5-6 


1 19-6 


May 31 . 


. 6 27 60-01 


24 43 42-6 


6-7 


6-0 


1 61-9 


June 1 . 


1 6 33 9-22 


24 41 35-3 
Mab8 


6-7 


6-0 


1 53-3 


July 6 . 


3 15 48*35 


N. 17 17 8-0 


2-7 


60 


20 16-9 


July 7 . 


3 18 39-96 


17 28 43-6 


2-7 


60 


20 15-8 


August 18 


5 18 4-2 


22 52 36-9 


3-0 


5-7 


19 29-6 


August 19 


5 20 50-68 


22 66 16-8 


8-0 


6-7 


19 28-4 


August 23 


i 6 31 62-67 


23 9 6-8 


3-1 


5-8 


19 23-7 


August 24 


1 6 34 3713 


23 11 62-7 


31 


5-8 


19 22-5 


October 1 


7 11 16-48 


23 4 23-2 


3-7 


6-9 


18 290 ; 


Ootober 2 


7 13 33-31 


23 1 62-4 


3-7 


6-9 


18 27-4 


November 18 . 


8 36 24-74 


20 47 36-0 


5-0 


9-5 


16 43-2 


November 19 . 


8 36 26-24 


20 46 16-2 


5-1 


9-6 


16 40-2 


November 24 . 


8 40 67-68 


20 41 47-9 


6-3 


100 


16 24-9 


November 25 . 


8 41 44-46 


20 41 23-8 


6-3 


10-1 


16 21-7 


December 16 . 


8 46 60-24 


21 19 12-8 


6-3 


11-9 


16 8-6 


December 17 . 


8 46 28-84 


21 23 23-6 

JUPITKB 


6-3 


12-0 


14 59-2 


February 5 . 


12 39 17-65 


S. 2 37 57-9 


19-0 


1-8 7 


16 34-0 


February 6 . 


12 39 9-36 


2 36 48-3 


19-0 


1-8 


15 30-0 


February 8 . 


12 38 50-72 


2 34 16-4 


191 


1-9 


15 21-8 


February 9 . 


12 38 40-40 


2 32 54-3 


19-2 


1-9 


16 17-6 


March 10 


12 29 26-28 


1 27 34-7 


20-2 


20 


18 14-3 


March 11 


12 29 0-31 


1 24 39-8 


20-3 


20 


13 9-9 


April 4 . 


12 17 61-78 


11 45-3 


20-4 


20 


11 24-6 


April 5 . 


: 12 17 24-24 


8 600 


20-4 


20 


i 11 ^-1 


April 10 


12 16 9-82 


N. 6 19-2 


20-3 


2-0 


10 68-2 


April 11 


12 14 43-71 


8 2-9 


20-3 


20 


10 53-8 


November 29 . 


13 64 43-96 


S.10 34 31-7 


14-7 


1-4 


21 18-3 


November 30 . 


. 13 66 28-36 


10 38 30-0 
Saturn 


14-7 


1 1-4 


. 21 16-1 _ 


May 11 . 


16 86 7-47 


S.20 6 271 


8-5 


1 1-0 


13 16-9 


May 12 . 


16 35 60-36 


20 5 51-8 


8-5 


1 10 


13 12-7 


August 6 


16 16 18-03 


19 33 26-2 


8-0 


1 0-9 


7 14-9 


August 7 


16 16 16-80 


19 33 370 


8-0 


1 0-9 


, 7 11-0 


August 29 


16 17 32-30 


19 41 49*2 


' 7.7 


! 0-9 


6 45-8 


August 30 


16 17 40-34 


j 19 42 22-6 


j 7-7 


0-9 


i 6 42-0 
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APPARENT PLACES OF STARS 



Nome 


Date 


B.A. 


Dec. 


a Eridani (Achemar) 

1 


. 1 April 21 . 

1 May 1 

1 June 10 
June 20 . 
August 9 . 
August 19 
December 7 
December 17 


h m s 
, 1 33 54-27 
54-38 
55-50 
55-91 
58-22 
58-64 
59-36 
59-08 


o / // 

s.57 45 5-4 
45 1-8 

44 48-7 
46-1 
40-2 
40-7 

45 6-7 
8-4 


a Arietis 


August 9 . 

August 19 
i November 27 
1 December 7 


2 1 28-80 
29-10 
30-53 
30-50 


N. 22 59 4-4 

6-2 

180 

18-2 


a Tauri (Aldebaran) 


. October 28 
November 7 


4 30 902 
9-23 


N. 16 18 29-2 
29-1 


a Auriga) (Capella) 


January 1 
January 11 
December 17 
1 December 27 


5 9 12-24 
12-24 
16-77 
16-86 


N. 45 53 48-5 
49-8 
47-7 
491 


/S Ononis {Rigel) . 


January 1 
January 11 
December 17 
December 27 


40-28 
40-27 
43-20 
43-25 


S. 8 19 7-6 
9-1 
31 
4-9 


y Ononis 


January 1 
January 11 
, December 17 
December 27 


1 5 19 41-80 
41-81 
44-92 

1 45-04 


N. 6 15 29-6 
28-6 
32-9 
31-8 


i8 Tauri . 


January 1 
January 11 
December 17 
December 27 


63-20 

1 53-22 

57-03 

57-12 


N. 28 31 23-7 
240 
23-7 
24-0 


e Ononis 


; January 1 
January 11 
, December 17 
. December 27 


5 31 4-46 
4-48 
7-51 
7-59 


S. 1 15 58-8 

16 01 

15 56-8 

58-3 


a Ononis 


January 1 
, January 11 

December 17 
1 December 27 


' 5 49 41-29 
41-33 
44-52 
44-63 


N. 7 23 19-9 
19-0 
19-5 
18-6 


Canis Majoris 

i 


January 1 
January 11 
December 17 
December 27 


6 18 14-66 
14-70 
17-25 
17-37 


8.17 54 18-7 
211 
19-5 
22-0 
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EXTRACTS FROM 
APPARENT PLACES OF STARS 





IMe 


B.A. 


Dec 






h m 8 


o / » 


a Aigts (Canopus) 


Jane 20 . 


. 6 21 39-99 


S.52 38 24-8 




June 30 . 


40<M 


21-3 




October 28 


43-83 


7-0 




November 7 


4419 


9-4 




December 17 


4513 


22-5 1 




December 27 


45-20 


26-2 ; 


y Oeminoram 


Janaaiyl 


. 6 31 51*65 


N. 16 29 12 3 ' 




January 11 
December 17 


51-73 


11-8 




55-02 


7-4 




December 27 


5517 


6-8 


a Canis Majoris {Siritu) . 


January 1 


6 40 41-47 


S. 34 82-8 




January 11 


41-54 


35-2 




Jannaiy 21 


41-55 


37-4 




January 31 


41-62 


39-4 




October 18 


42-55 


24-1 




October 28 


42-84 


26-5 




November 27 


43-63 


31-6 




December 7 


43-84 


34-1 




December 17 


4402 


36-6 




December 27 


4415 


39-2 


c CaniB Majoris 


January 1 


. 6 54 39-24 


8.28 49 57-8 




January 11 


39-30 , 


50 0-8 


H Canis Majoris 


January 1 


7 4 16-85 


8.26 13 60-5 , 




January 11 


16-93 


53-4 


a Qeminorum {Castor) . 


January 11 


7 28 8-54 


N. 32 6 42-1 


a Canis Minoris (Proqfon) 


December 17 


7 34 314 


N. 5 28 69-6 




December 27 


3-34 


58-1 


a Leonis (Reguhu) . 


February 20 


, 10 2 59-27 


N. 12 27 43-4 




March 2 . 


59-31 


43-3 




March 12 . 


59-31 


43-4 




March 22 . 


59-26 


43-6 


a Crucis .... 


February 10 


. . 12 20 58-26 


8.62 32 1-2 ; 




February 20 


58-63 


4-6 




November 27 


57-88 


8-3 




December 7 


58-45 


8-3 


a Virginis (Spica) . 


June 20 . 


13 19 52-03 


8.10 38 3-8 




June 30 . 


51-94 


3-3 


iSCentauri 


March 12 . 


13 56 40-98 


8.59 52 56-4 




March 22 . 


41-31 


69-4 
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Name 



B Centauri 

a Bodtis (Arcturus) 



1 



a Centauri 

a Scorpii (ArUures) 

A Scorpii 

a LyrsB {Vega) 

a AquiliB {Altair) . 



a Piscis Australis {Fomal- 
, haut) 



I a Pegasi (Markab) 



Date 



! March 12 
I March 22 

March 12 . 
{ March 22 . 
I April 1 
I April 11 

May 11 

May 21 

July 10 

July 20 

August 29 

September 8 

March 12 . 
March 22 . 

May 21 . 
May 31 . 
August 29 
September 8 

June 10 . 
June 20 . 

I August 19 
I August 29 
I December 17 
I December 27 
I 
August 29 
September 8 

July 20 . 
July 30 . 
August 9 . 
August 19 
September 18 
September 28 
October 8 . 
October 28 
November 7 

January 21 
August 19 
September 28 
October 8 . 



B.A. 



h 
14 



43-56 

43-78 



14 11 



303 
3-22 
3-38 
3-61 
3-69 
3-69 
3-32 
319 
2-62 
2-60 



22 62 



14 32 44-48 
44-87 

16 23 1306 

13-18 
12-76 
12-69 

17 26 46-64 

45-78 

18 33 32*18 

31-99 
29-98 
30-02 

19 46 52-28 

5218 



Dec. 



S.35 62 15-4 I 
17-6 I 

N .19 42 25-2 
25-8 
26-7 
27-9 
32-4 
341 
40-5 
41-2 
410 
40-3 

S.60 24 460 
48-7 

S.26 12 31-3 
31-7 
32-4 
320 



S.37 1 



60-8 
61-6 



N. 38 41 33-5 
35-2 
25-6 
22-5 

N. 8 36 111 
121 



4-94 
5-20 
5-42 
5-59 
5-81 
5-79 
5-73 
5-61 
5-37 



22 69 40-84 N. 
44-86 ; 
45-07 
45-03 



S.30 



9 18-5 
18-2 
18-3 
18-7 
21-5 
22-8 
241 
26-8 
280 



14 39 29-0 
46-4 
52-6 
53-6 
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EXTRACTS FROM THE ADMIRALTY 
TIDE TABLES FOR 1898 

STANDARD PORTS 



1 Moon's 
TnuMit 


Date 


Mot 


oing 1 


Afternoon 








Time 
Brest 


Height j, 


Time 


Height 






' h m 




' li m 


ft. ins. li 


h m 


' ft. iDB. 


9m9 


February 17 


22 


14 4 


1 5 


15 


10 8 


February 18 


1 40 


15 11 ! 


2 10 


16 10 


11 a 3 


February 19 


2 36 


17 8 ; 


2 59 


18 6 


1 9 47 


Mays 


1 1 7 


16 


1 31 


16 9 


< 10 38 


May 4 


1 53 


17 5 : 


2 14 


18 1 


11 84 


May 6 


2 35 


18 8 


2 56 


19 8 


9al7 


September 26 


19 


15 1 


54 


16 10 


10 7 


September 27 


1 24 


16 8 


1 49 


17 6 


10 55 


September 28 


2 11 


18 4 


2 31 


19 


. 4ni43 


October 6 . 


7 13 


14 4 


7 36 


13 8 


5 33 


October 7 . 


8 1 


13 0' 


8 83 


12 6 


6 21 


October 8 . 


9 11 


12 8 


9 53 


12 3 


8 85 


October 11 . 


30 


13 10 


57 


14 7 


9 18 


October 12 . 


1 19 


15 4 


1 38 


16 1 


10 a 2 


October 13 . 


1 66 


16 11 


2 14 


17 6 


4 25 


October 20 . 


6 30 


17 3 


6 67 


16 6 


5 24 


October 21 . 


7 26 


15 9 


7 67 


15 1 


6 20 


October 22 , 


8 31 


14 7 


9 10 


14 3 


7m53 


November 9 


11 58 


14 4 






i 8 38 


November 10 


27 


14 11 


62 


16 6 


; 9 24 


November 11 


1 15 


16 3 


1 36 


16 11 


1 llm54 


December 13 


3 3 


18 10 


3 28 


19 3 


0a59 


December 14 


3 53 


19 6 


4 18 


19 8 


2 2 


December 15 


4 42 


19 9 


6 6 


19 8 


8 41 


December 23 


— 


— 


17 


14 4 


9 31 


December 24 


49 


14 7 


1 19 


14 11 


10 22 


December 25 


1 46 


15 8 


2 10 


16 8 


11 13 


December 26 


2 32 


16 1 


2 53 


16 6 




December 27 


3 13 


16 10 


3 33 


17 1 


0m2 


December 28 


3 52 


17 3 


4 10 


17 4 




Half Mean 


Spring Ran 


ge 9 ft. 6 ins. 
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EXTRACTS FROM 



STANDARD PORTS 







i Mominff 


1 Afternoon 


Moon's 


Date 










TraoBlt 














Time 


Height 


Time 


Height 




----- 1 

Detohpobt 






)i m 


1 h m 


ft. ins. 


h m 


ft. ins. 


5m26 


January 15 . ! 9 56 


13 7 


10 19 


18 1 


6 17 


January 16 10 46 


13 


11 16 


12 10 


7 12 


January 17 11 49 


12 8 


— 


— 


8 12 


January 18 . 26 


12 8 


1 7 


12 8 




Half Mean Spring Range 7 ft 9 ins. 






POBTSMOITTH 






9m9 


February 17 . 8 9 


11 


1 8 54 


11 6 


10 8 


February 18 


9 82 


11 10 


' 10 4 


12 4 


11 3 


February 19 


10 31 


12 10 


10 55 


18 2 : 


3m 3 


March 12 . 


1 44 


18 8 


2 8 


13 5 i 


3 59 


March 13 




2 23 


13 2 


1 2 44 


12 11 , 


4 59 


March 14 




8 6 


12 6 


8 30 


12 1 


6 1 


March 15 




3 56 


11 9 


4 26 


11 4 


0al8 


April 21 




11 40 


13 3 


11 58 


13 8 


1 6 


April 22 







— 


16 


13 2 


1 56 


AprU23 




34 


13 


52 


12 10 


2 46 


April 24 




1 10 


12 7 


1 28 


12 4 




Half Mean 


Spring Ran 


ge 6 ft. 9 i] 


08. 


j 




Dover 






6a85 


August 25 . .1 8 50 


15 10 


4 19 


15 8 


7 37 


August 26 . 4 51 


14 9 


5 28 


14 6 


8 39 


August 27 . . 6 10 


14 6 


6 55 


14 10 




Half 


Mean Spring Range 9 ft. 4 ii 
Obeenock 


IS. 












7m28 


June 13 . 6 48 


8 6 


1 7 19 


8 5 


8 18 


June 14 


7 51 


8 5 


8 23 


8 6 


8 59 


June 15 


8 54 


8 6 


9 28 


8 7 


9 47 


June 16 


9 50 


8 8 


10 15 


8 8 


5 a 9- 


November 19 


3 18 


9 4 


8 45 


9 8 


6 


November 20 


4 14 


9 1 


4 45 


8 11 


6 48 


November 21 


5 16 


8 9 


5 49 


8 8 




Half Mean Spring Range 4 ft. 10 


ins. 


1 
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STANDARD PORTS 



M0OD*B 

Tnnat 


Date 


Morning 


Afternoon 


Time 


Height 


Time 


Height 




Liverpool 






h m 

0m35 

1 39 

2 44 


h m ft. inflw 
May 6 . . 10 53 27 3 
May 7 .11 38 27 8 
May 8 . 1 27 11 
May 9 49 27 9 


h m 
11 15 

25 

1 13 


ft. ins. 
27 7 

27 4 
26 5 




Half Mean Spring Range 13 ft. 9 ins. 





4m59 


, March 14 . 


PORTISHl 

10 46 


6 1 


March 15 . 


11 35 


7 1 


March 16 . 


8 


3a55 


May 25 . 


9 43 


4 40 


May 26 


10 19 


5 24 


, May 27 


. 10 59 



D 

37 9 


11 9 


86 1 


34 3 






32 11 


60 


31 10 


36 2 


10 


35 8 


35 3 


10 39 


84 10 


34 3 


11 20 


33 7 



Half Mean Spring Bange 21 ft. ins. 



Belfast 



July 3 
0ml2 July 4 
1 14 July 5 



9 48 


9 4 


10 15 


9 5 


10 42 


9 6 


11 9 


9 7 


11 34 


9 7 


11 58 


9 7 



Half Mean Spring Range 4 ft. 9 ins. 



QUEENSTOWN 






a 2 





45 


1 


28 


7ml0 1 


7 


53 


8 


38 



August 17 . 
August 18 . 
August 19 . 
November 8 
November 9 
November 10 





4 55 


11 


5 12 




5 28 


11 5 


5 44 




6 


11 7 1 


6 16 




11 52 


8 11 


— 




25 


9 1 


57 




1 27 


9 8 , 


1 55 



11 3 

11 6 

.11 8 

9 4 

10 



Half Mean Spring Range 5 ft. 10 ins. 



VOL. II. 



C G 



Digitized by 



Google 
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TIDAL CONSTANTS 



Port 



Ballyoastle Bay . 

Weston-Buper-Mare 

Inverary 

Oban . 

Calais . 

Portland Breakwater 

Falmouth 

Cherbourg . 



Time 



b m 
-4 18 



-0 17 
-0 8 
+ 6 20 
+ 37 
-4 40 
-0 46 
+ 4 13 



Hdght 


Standard Port 


ft., ins. 
-6 3 


Belfast 


-6 


Portishead 





Greenock 


+ 2 


Greenock 


+ 2 


Dover 


-6 p 


Portsmouth 


+ 6 


Devonport 


-1 6 


Brest 



DATA FOR CERTAIN PORTS 



Port 



Brest 

Port Natal, S. E. Africa . 
Nelson, New Zealand 
Port Augusta, British Columbia 
Haute Isle, Bay of Fundy 
Ghusan Tinghse, China . 
Santa Cruz Biver, Patagonia . 
Akaroa Harbour, New Zealand 
Cerros Island, California . 



H. w. P. 



h m 

3 47 

4 30 
9 50 

5 
11 21 
11 

9 30 
3 24 
9 10 



Riae 


Approximate 
Longitude 


Springs 


Neaps 


ft. 
19i 


ft. 
14J 


4JOW 


6 


— 


3P E 


14 


10 


173« E 


12 


— 


123J° W 


33 


28i 


65° W 


12 


9 


122° E 


40 


29 


68i°W 


8 


6 


173° E 


8 


— 


116° W 
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TABLES USED IN DETEEMINING THE LATI- 
TUDE BY OBSERVATIONS OF THE POLE 
STAR OUT OF THE MERIDIAN 

TABLE I 

Containing the First Gobrection 

Argument :— Sidereal Time of Observation 





Sidereal 
Time 


Correction 


Sidereal 
Time 


1 Sidereal 
1 Time 


Oorreotion 


Sidereal 
Time 




h m 


o / // 


h m 


h m 


o / n 


h m 







- 1 9 26 + 


12 


6 


- 25 37 4 


18 




10 


1 10 29 


10 


10 


22 34 


10 




20 


1 11 24 


20 


20 


19 28 


20 




80 


1 12 11 


30 


30 


16 20 


SO 




40 


1 12 49 


40 


40 


13 10 


40 




50 


1 13 19 


50 


50 


9 59 


50 




1 


1 13 41 


13 


7 


6 46 


19 




10 


1 13 55 


10 


10 


3 33 


10 




20 


1 14 


20 


20 


- 19 + 


20 




30 


1 13 57 


30 


30 


+ 2 54 - 


30 


' 


40 


1 13 45 


40 


40 


6 8 


40 




50 


1 13 24 


50 


50 


9 20 


50 




2 


1 12 56 


14 


8 


12 32 


20 




10 


1 12 19 


10 


10 


15 42 


10 


) 


20 


1 11 34 


20 


20 


18 50 


20 




30 


1 10 40 


30 


30 


21 57 


30 




40 


1 9 39 


40 


40 


25 


40 




50 


1 8 29 


50 


50 


28 1 


50 


^ 


3 


1 7 12 


15 


9 


30 59 


21 




10 


1 5 47 


10 


10 


33 53 


10 




20 


1 4 15 


20 


20 


36 43 


20 




30 


1 2 35 


30 


30 


39 29 


30 




40 


1 48 


40 


40 


42 11 


40 




50 


58 54 


50 


50 


44 48 


50 




4 


56 54 


16 


10 


47 19 


22 


' 


10 


54 47 


10 


10 


49 45 


10 




20 


52 33 


20 


20 


52 6 


20 


, 


30 


50 14 


30 


30 


54 20 


30 




40 


47 49 


40 


40 


56 29 


40 




50 


45 18 


50 


50 


58 31 


60 


' 


5 


42 43 


17 1 


11 


1 26 


23 




10 


40 2 


10 


10 


1 2 14 


10 


^ 


20 


34 17 


20 


20 


1 3 55 


20 


30 


34 27 


30 


30 


1 5 29 


30 




40 


31 34 


40 


40 


1 6 56 


40 




50 


28 37 


50 


50 


1 8 15 


50 




6 


- 25 37 + 


18 


12 


+ 1 9 26 - 


24 
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TABLE II 

CoMTAiNiNo THE Second Correction (always to be added) 
Arguments : — Sidereal Time and Altitude 



Bidereal 
Time 



h m 


30 

1 
30 

2 
30 

8 
30 

4 
30 

6 
30 

6 
30 

7 
30 

8 
30 

9 
30 

10 
30 

11 
30 

12 



AlUtude 



10 



15 



20 



26 



SO 








3 
3 



3 

3 

2 

2 

1 

1 





3 

6 

6 

7 

7 

8 

8 

8 

8 

8 

7 

6 

5 

4 

3 

2 

1 



11 
12 
13 
13 
12 
12 
11 
9 



15 
17 
17 
17 
17 
16 
14 



12 
10 
8 
6 
4 
2 



18 
22 
24 
26 
27 
28 
27 
25 
23 
20 
16 



4 
2 





1 

3 

6 

10 

14 

18 



26 
29 
32 
33 
33 
32 
31 
28 
24 
20 
15 
11 
7 
4 



TABLE ni (for 1898). 

Containing the TMrd Correction (alioays to be added) 

Arguments :— Sidereal Time and Date 



sidereal 
Time 


Jan. 1 


Feb.l 

1 


March 1 


AprUl 


Mayl 


Juue 1 




h 


/ // 


1 


/ // 


/ // 


/ n 


» u 







1 21 


1 18 


1 11 


1 2 


54 


50 




2 


1 13 


1 15 


1 12 


1 4 


55 


47 




4 


1 2 


1 9 


1 10 


1 6 


57 


47 




6 


60 


1 


1 6 


1 5 


1 


51 




8 


41 


51 


69 


1 4 


1 3 


67 




10 


37 


44 


63 


1 1 


1 5 


1 4 




12 


39 


42 


49 1 


68 


1 6 


1 10 




14 


47 


45 


48 1 


56 


1 5 


1 13 




16 


68 


51 


50 1 


55 


1 3 


1 13 




18 I 


1 10 


1 


55 


56 


1 


1 9 




20 1 


1 19 


1 9 


1 1 


56 


57 


1 3 




22 


1 23 


1 16 


1 7 1 


59 


55 


56 




24 


121 


1 18 


1 11 1 


1 2 


54 


50 
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TABLE II 

Containing the Second Gobkbction (always to be addsd) 

Arguments : — Sidereal Time and Altitude 



Altitude. 



5 

2 





1 

4 

7 

11 

16 

22 

27 

31 

35 

38 

40 

































40 

39 

37 

33 

29 

24 

18 

13 

9 

6 



o 





60 


55 


/ // 


f II 



«0 



6 

2 





1 

4 

8 

14 

20 

26 

32 

87 

42 

46 

47 

48 

46 

44 

39 

34 

28 

22 

16 

10 

6 



7 
3 


2 
5 
10 



16 
23 
31 
38 
45 
50 
54 
56 
57 
55 
52 



47 
41 
34 
26 
19 
12 
7 



8 

3 

1 



2 

6 

12 

19 

28 

37 

46 

53 



5 

8 

8 

6 

2 

56 

49 

40 

31 

23 

15 

8 



10 



«6 














1 

1 
1 
1 
1 
1 
1 
1 




28 
18 
10 



4 

1 



2 

7 

14 

24 

34 

45 

55 

5 

13 

19 

22 

23 

20 

15 

8 

59 

49 

38 



12 

5 

1 



3 

9 

18 

29 

42 

55 

8 

20 

30 

37 

41 

42 

39 

33 

24 

13 



47 

34 

22 

12 



70 



Sidereal 
Time 



16 
6 
1 

4 
12 
23 



37 

54 

1 11 
1 28 
1 
1 
2 
2 
2 
2 



43 

56 

5 

10 

11 

8 





, 1 48 


1 34 


1 18 


1 1 


44 


29 


16 



J 

TABLE III (/or 1898) 

CoNTAmnfo the Third Correction {always to be added) 

Arguments : — Sidereal Time and Date 



b m 

12 
30 

13 
30 

14 
30 

15 
30 

16 
30 

17 
30 

18 
30 

19 
30 

20 
30 

21 
30 

22 
30 

23 
30 

24 



July 1 


Aug. 1 


Sept. I 


Octl 


Nov. 1 


Dec.l 


Dec. 3 


51 


/ // 
58 


/ // 1 / // 
18 1 20 


1 ' " 
1 1 31 


' " 1 
1 39 


1 II 
1 42 


43 


45 


51 10 


' 1 12 


1 22 ' 


1 30 


40 


36 


36 


41 


; 49 


59 


1 9 


42 


33 


28 


26 


1 29 


37 


46 


48 


38 


28 


21 


18 


20 


27 


58 


48 


37 


26 


18 


14 


16 


1 9 


1 2 


52 


40 ' 


29 


21 , 


18 


1 17 


1 15 ! 


1 9 


1 


48 


38 


30 


1 20 


1 24 I 


1 24 


1 19 


1 11 


1 1 


51 


1 18 


1 27 : 


1 32 


1 34 


1 31 


1 23 ' 


1 14 


1 12 


1 22 ' 


1 32 


1 39 


1 42 


1 40 1 


1 33 


1 2 


1 12 


1 23 


1 34 


1 42 


146 1 


1 44 


61 1 


58 


18 1 20 


1 31 


1 39 ' 


1 42 






/^^^t'i 


^ 


Digitized by' 


7^oc 








NTVEI^ 


lSittI 







•^^.UKlftV**^'' 



riUXlKU BY 

spo'rriswooDX and co., NSW-t^Titsic'r squaiue 

LONDON "^ 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



14 DAY USE 

«HnnmTOOESKFROMW„,C„BORKOWKD 

LOAN DEPT. 

Ihn book 15 due on the U^t ^.. 



Renewed books : 



^r^i^bicit to immediate recall. 




KgCrP LD 






,.rf«]l^ 



W'jr;- MAR 1 V 1988 j 






Digitized by VjOOQIC 



YC 43362 




81220 J^e> 



THE UNIVERSITY OF CALIFORNU LIBRARY 



■.■•. vm^^^mmm* 



him^^^^l 



\^\\AVm 






iBilBlPW** 




dV Google 



